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The practice of transfusing blood of group O (IV Moss) to persons 
belonging to any of the various blood groups is based on the assumption 
that cells of group O are not hemolyzed or agglutinated by any normal 
human plasma. The concept of a universal donor as developed by 
Ottenberg about thirty years ago has had considerable practical applica- 
tion, supported mainly on the theory that the dilution of a donor's blood 
and the absorption of the isoagglutinins anti-A and anti-B in a patient's 
plasma and tissue cells would tend to prevent any significant hemolysis 
or agglutination. 

While some institutions with large transfusion services are using 
blood from universal donors without observing an undue reaction rate, 
hemolytic and other reactions have been reported after transfusion of 
such blood. They may vary through all degrees of severity, and a good 
number of representative cases have been reported in the literature. In 
an analysis by Gesse ^ in 1935 46 cases of hemolytic reaction were 
reviewed, of which 20 terminated fatally. Other authors have described 
severe and fatal reactions. The reports we are referring to do not 
include transfusion reactions caused by mistakes in determination of the 
blood groups because of technical errors or because of the presence of 
subgroups, such as As and Ag, which had been overlooked. They may. 


From the Buffalo General Hospital and the Department of Bacteriology and 
Immunology, Buffalo University School of Medicine. 

<ies sogmannter Universalspenders be! 

‘ 1935. Hemolytic Shock 
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however, include a limited number of reactions which might have been 
caused by the newly discovered Rh factor. In some instances, laboratory 
work has demonstrated high isoagglutinin titers in a donor’s blood. 
Many investigators attributed the cause of the reactions to the inter- 
action between the potent isoantibodies of a donor’s .plasma and the 
group-specific components of the cells of a recipient. For this reason 
the titer of isoantibodies present in universal blood is frequently deter- 
mined before a transfusion is given. 

In this connection the state of New York has adopted an amendment 
to the Sanitary Code requiring the elimination of the so-called “danger- 
ous” universal donor by such a procedure. Because of these various 
experiences with universal blood, most clinics today prefer the use of 
homologous blood for transfusions. 

If the presence of high-titered isoantibodies in O blood constitutes 
the essential objection to the use of the universal blood, their partial or 
complete neutralization might be attempted. In previous publications " 
it has been shown that adequate reduction in content of isoagglutinins 
can be accomplished by the addition of small amounts of purified A and 
B specific substances. Universal blood conditioned in this manner 
may be considered “safe” from the standpoint of causing hemolysis or 
agglutination of a recipient’s cells. 

Because of the complexity of the clinical picture in most of the cases 
in which a transfusion is needed, a statistical evaluation of reactions to 
conditioned universal blood as against reactions to untreated O blood and 
homologous blood is difficult. It would seem that a statistical approach 
is possible only by comparison of groups of definite clinical entities with 
carefully selected control groups of similar nature, as the use of the 
isolated group-specific substances will only prevent reactions caused by 
the corresponding isoantibodies and not reactions due to other factors, 
such as those usually defined vaguely as “pyrogens.” In other words, 
from a practical standpoint conditioned universal blood may be con- 
sidered comparable to homologous blood. At the present time, it is 
possible to study the results of its use from the standpoint of efficacy 
of the method and its harmlessness. 

As just mentioned, the problem consists in the reduction or elimina- 
tion from a donor’s blood of the anti-A and anti-B isoantibodies. This 
was accomplished by the addition to the O blood of the blood group- 
specific substances A and B. These two substances, which define the 
typing characteristics of all the cells in the body, including the erythro- 

2. Witebsky, E. ; Klendshoj, N. C., and Swanson, P.: Reduction or Eliiuinadon 
of the Anti-A Antibody in O Blood by Means of the Addition of the A peci c 
Substance, J. Infect. Dis. 67:188 (Nov.-Dee.) 1940; Preparation and Transfusion 
of Safe Universal Blood, J. A. M. A. 116:2654 (June 14) 1941. 
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cytes, have been made available in recent years. After the investigations , 
of Freudenberg, Landsteiner ® obtained the A specific substance from 
horse saliva, and Goebel"* isolated this material from commeicial 
peptones. Witebsky and Klendshoj ° obtained an equally potent B sub- 
stance from gastric juice. Briefly, the procedure of conditioning O 
blood is carried out as follows ® : 

Blood from a universal donor is collected for transfusion in a vacuum 
container in the usual manner. This blood may be used immediately, 
but most specimens are stored in the blood bank. In either case, the 
A and B substances in physiologic solution of sodium chloride are 
injected into the blood in the vacuum container and mixed gently for a 
few minutes before the transfusion is given. Initially, 25 mg. of A sub- 
stance and 10 mg. of B substance were used arbitrarily in each 500 cc. of 
O blood. Later, it was found that smaller amounts could be used 
effectively." There has been no demonstrable harm in using larger 
quantities, and the attempts to reduce the amounts are being made as a 
matter of economy. Lower limits have not yet been determined. More 
A substance than B substance has been used, as the anti-A titer is often 
found to be higher than the anti-B titer in the same blood. It is of 
importance that the addition of blood group-specific substances to normal 
human serum containing the corresponding isoagglutinins does not result 
in precipitation. 

The effect of the group-specific substances has been determined by a 
comparison of the anti-A and the anti-B titer in each specimen before 
and after conditioning of the O blood. There is no standardized pro- 
cedure for the determination of agglutinin titer which permits values 
from our laboratory to be compared with those of other investigators. 
The readings reported in this paper were obtained after centrifugation of 
the tubes and observation of the degree of agglutination macroscopically. 

Before we proceed toward a detailed analysis of cases to be presented 
in this report, the following 2 cases of emergency transfusion may be 
cited to illustrate the general pi'ocedure: 

Case 1.— A steam shovel operator, B. F., aged 56, was accidentally pinned 
within the cabin of his machine. He w^as cut free with the aid of torches and 

3. Landsteiner, K.: Note on the Group-Specific Substance of Horse Saliva 
Science 76:351 (Oct. 14) 1932. 

4. Goebel, W. F. : The Isolation of the Blood Group A Specific Substance from 
Commercial Peptone, J. Exper. Med. 68:221 (Aug. 1) 1938. 

5. Witebsky, E., and Klendshoj, N. C.; The Isolation of the Blood Group- 
Specific B Substance, J. Exper. Med. 72:663 (Dec.) 1940. 

6. In our hospital intravenous therapy, including blood transfusions, is given 

by members of the department of anesthesia. Dr. Paul Searles, the head of this 
department, cooperated with us. ^ 

7. Part of this material was prepared and made available to us by Eli Lilly 
& Co. 
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brought to the hospital in shock. His pulse was rapid and thready. The blood 
pressure was 54 systolic and 30 diastolic, and his abdomen was rigid. Without blood 
typing or cross matching, he was given 500 cc. of group O blood with A and B 
substances added. His blood pressure had increased to 106 systolic and 74 diastolic 
after the completion of the transfusion. No reactions from the transfusion were 
obsen^ed. He subsequently received 500 cc. of plasma, followed by 1,000 cc. of 
5 per cent dextrose in physiologic solution of sodium chloride. The patient was 
later found to belong to group O, but nevertheless, it is interesting that the 
transfused O blood had the following high anti-A and anti-B agglutinin titers ; anti-A 
equal to 1 : 256 ; anti-B equal to 1 ; 64. After the addition of the A and B specific 
substances, these titers were determined to be 1 ; 4 for the anti-A isoagglutinins and 
1 : 2 for the anti-B isoagglutinins. The anti-A titer would definitely be considered 
high. Had the recipient belonged to group A, a serious reaction might have occurred 
with the use of this blood. The A substance lowered the titer to insignificance. 

Case 2. — ^The hospital was notified by a private physician that a patient, M. B., 
whom he had just delivered at home was having a massive postpartum hemorrhage, 
and a house physician was sent out immediately in the ambulance equipped with 
a transfusion set and 500 cc. of group O blood to which the A and B substances had 
been added. The mother was found to be in shock with a low blood pressure and 
thready pulse. Without typing or cross matching, the prepared blood was infused 
while the hemorrhage was brought under control. The response was rapid. The 
estimated blood loss was 1,500 cc. The recipient was never typed. The universal 
donor’s blood was found to contain an anti-A titer of 1 : 128, which was reduced to 
1 : 2, and an anti-B titer of 1 : 32, which was reduced to zero. No reaction occurred. 


REVIEW OF CASES 

In the present series of cases a total number of 176 transfusions were 
given to 147 patients. For twenty-four hours following the completion 
of a transfusion each patient was under close observation for any sub' 
jective or objective signs of reactions, particularly chills, rises in tempera- 
ture or pulse rate, icterus and hemoglobinuria. The two last-named 
manifestations were not observed in any case. 

Of the total number of transfusions, 123 were given without any 
observable changes in the patients. The remaining 53 transfusions 
represent the number to be subjected to analysis. It is impossible to 
establish criteria which in very ill patients would permit accurate differ- 
entiation between reactions to the transfused blood and similar signs 
due to the illness itself. Perhaps the tabulation of temperature rises 
over a short period, such as two hours, might tend to exclude, to some 
degree, the chance rise resulting from the disease, but reliable statistics 
cannot be based on such arbitrary limits. In each case we have endeav- 
ored to evaluate temperature rises over a twenty-four hour period, and 
we have attributed them to surgical procedures or infectious processes, 
unless the general temperature pattern of the patient seemed to have 
undergone a definite change following transfusion. 
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A total number of 39 transfusions were given which were accom- 
panied by a rise in temperature during the following twenty-four hours 
and in which we attributed the fever to the patient’s general condition 
and not to the transfusion. These 39 transfusions were given to 34 
patients. Increases in temperature were not associated with chills in any 
case, and in no instance did a significant part of the temperature increase 
take place during the first two hours following the transfusion. During 
this period temperature and pulse were recorded every fifteen minutes. 

In 24 of these transfusions either the recipient’s temperature did not 
exceed 101 F. at any time during the twent 3 ^-four hour period following 
the transfusion or the dift'erence between the recorded temperature at the 

Maximum Rise iu Tcmpcraiiirc in the Treenfy-Four Hours Following Transfusion 

of Conditioned Universal Blood 


Blood 

Cnsc 

Maximum 

Temperature 


Group 

Xo. 

Increase, 1 '. 

Diagnosis 

A 

C 

o 

Amputation of leg; ascending inicetion 


7 

2 

Acute appendicitis with perforation 

B 

S 

4.4 and 5.0 

Postoperative appendical abscess with septicemia; 


9 

3.4 

infection of urinary tract and subcutaneous abscess 
Perforated ulcer; diffuse peritonitis 


10 

3 

Anterior and posterior colpoirhaphy and amputation 


n 

1.0 

of cciwix 

Abscess of abdominal wall 

0 

12 

2.4 

Diffuse peritonitis following appendectomy 


13 

3.8 

Acute cholecystitis after operation; postoperative 


14 

3 

bronchopneumonia 

Hysterectomy 


15 

4.0 

Removal of retroperitoneal tumor 


10 

3 

Gastric resection; linitis plastica 


17 

1.8 

Tliyroid "storm” 


18 

3.8 

Gastric resection for adenocarcinoma; atelectasis; 

AB 

19 

1.4 

obstructive biliary cirrhosis 

Postoperative diffuse toxic condition of thyroid 


beginning of 'the transfusion and the maximum temperature during the 
following twenty-four hours was less than 1 degree (F.). We feel that 
these transfusions need no further discussion. The remaining 15 trans- 
fusions were given to 14 patients who represented the greatest part of 
the acutely ill patients among the 34 just mentioned. To illustrate the 
pathologic conditions encountered in these 14 patients, we have tabulated 
the diagnosis along with the maximum temperature increase over the 
twenty-four hour post-transfusion period. In 1 case (8) the patient 
received 2 transfusions, and the increases in temperature in both 
instances are indicated in the table. These temperature peaks were 
occurring daily before the patient received his first transfusion and 
continued for many days after the last transfusion, and they were typical 
of the fever curve generally seen in this type of infection of the urinary 
tract. 
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After deducting from the total the number of cases in which no reac- 
tion occurred, in addition to those in which we felt augmented tempera- 
tures were part of the normal course of events, there remained 10 cases 
in which the 14 reactions observed seemed unquestionably to have been 
precipitated by transfusion. Of these 10 cases, the patients in 5 belonged 
to blood group A, in 4 to group O and in 1 to group B. It may be stated 
again that in none of the cases did we observe signs of agglutination or 
hemolysis. The severity of the temperature reactions had the following 
distribution: Four transfusions produced temperature increases of 
between 2 and 4 degrees (F.) ; in 10 transfusions, the increase exceeded 
4 degrees (F.) and chills were present. In the 39 transfusions men- 
tioned previously temperature rises were not associated with chills, while 
in these 14 transfusions, temperature rises with chills occurred in about 
two thirds. In all the cases in this group with 1 exception the patients 
had received multiple transfusions prior to the infusion of universal 
blood treated with the group-specific substances, and in a number of 
these cases the transfusions with conditioned universal blood were 
specifically requested by the attending clinicians as a result of previously 
encountered reactions. 

In cases in which chills occurred during an infusion period the trans- 
fusion was stopped immediately. As a rule this took place after the 
administration of 200 to 300 cc. of blood. In general, the types of reac- 
tion which we definitely consider as a direct result of the transfusions 
were similar in nature, chiefly consisting in increases in temperature 
and pulse, with associated chills in 10 of the 14 transfusions. It is likely 
that these reactions were mainly caused by pyrogens. Recent investiga- 
tions have shown that it is possible to reduce the number of such reactions 
considerably by eliminating all possible sources of contamination from 
the transfusion equipment. Rather than to review all details of these 
10 cases, it seems desirable to report the following cases to illustrate our 
general observations : 

Case 3. — A 19 year old girl, R. A., was admitted to the hospital with a six 
months’ history of abdominal cramps and bloody diarrhea. Previous treatment in 
another hospital had included repeated transfusions. A diagnosis of nonspecific 
ulcerative colitis was confirmed by roentgen examination, and patchy ulceration was 
seen through the sigmoidoscope. Her red cell count was 4,100,000, with 76 per cent 
hemoglobin, and her white cell count was normal. Marked improvement occurred 
after ileostom 3 ". 

The patient’s supportive treatment consisted in a number of transfusions and 
intraA'enous infusions of sulfanilamide solutions. She was found to belong to group O. 
Her first transfusion in this hospital caused a chill, a temperature rise of 5.2 degrees 
(F.) and a pulse rise of 10 after the administration of 250 cc. of homologous 0 
blood without the A and B substances. On each of the following two days she 
received sulfanilamide solutions intravenousl}', resulting in temperature increases 
of 2 and 3 degrees (F.), respective^, and corresponding pulse increases of 30 and 
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15. One day later she received 500 cc. of universal blood treated with the A and B 
specific substances, which produced a temperature rise of 2 degrees (F.) but no 
increase in pulse. She experienced itching of the skin after this transfusion. Three 
subsequent transfusions without the use of the group-specific substances on three 
consecutive days gave rises in temperature of 2, 3.5 and 3.2 degrees (F.). Pulse 
rates remained unchanged. The 3.5 degree rise was associated with a chill. 

This case illustrates a t3'pical reaction to transfusions. The neutral- 
ization of the isoantibodies in the one specimen of blood treated with 
group-specific substances would not be of any significance, as the cor- 
responding group-specific antigens, A and B, were not present in the 
recipient’s cells, and there is, of course, no advantage in conditioning 
universal donor blood if the blood is given to a group O recipient. The 
conditioning of universal donor blood when given to a group O recipient 
in our procedure is a matter of routine and not a matter of necessity. 
The case also afifords a demonstration of the similar types of reactions 
which may follow intravenous infusions of substances other than blood. 

Case 4. — A patient, N. R., was admitted to another Buffalo hospital immediately 
after hematemesis. Previous history indicated the presence of a peptic ulcer. He 
had a blood pressure of 80 systolic and 40 diastolic; his pulse rate was 58 per 
minute, and his temperature was 96.4 F. He belonged to group B. Immediately 
following admission his red cell count was 4,030,000, with 84 per cent hemoglobin. 
Five days later the count had dropped to 2,490,000, with 48 per cent hemoglobin. 
At that time he received 500 cc. of homologous blood, which produced a chill, a 
temperature rise of 4.2 degrees (F.) and a pulse rise of 30. Two days later the 
transfusion was repeated with 500 cc. of universal blood neutralized with the A 
and B substances. This transfusion resulted in a similar reaction. Again the 
temperature rose 4.2 degrees (F.), with a chill, and the increase in pulse rate was 
46. No further complications occurred, and the patient recovered. The anti-A 
titer in the donor’s blood was reduced from 1 : 16 to 1 ; 2, and the anti-B titer, from 
1 : 8 to zero. 

There is a striking similarity in the reactions to the two transfusions. 
Whatever the explanation is, the isoantibodies may not be considered as 
offenders, as the titers after neutralization were insignificant, and even 
the original titers were low enough to place the donor in the low-titered 
universal group. 

The following case is added because it is the only one in which a 
severe transfusion reaction occurred after the first transfusion usino- 
universal blood conditioned with the A and B substances. This case 
serves as a further illustration of the freakish reaction picture often 
encountered in multiple transfusions. 

Case 5.— A 36 year old Negress, P. H., had been admitted to the hospital with 
a bleeding cervical neoplasm. Biopsy had revealed a squamous cell carcinoma, and 
radium had been implanted. Six months later metastasis had developed. Her red 
cell count was 2,700,000, with 62 per cent hemoglobin. A severe infection of the 
urinary tract and rapid loss of weight soon terminated in death. During her last 
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admission she received 3 transfusions after it had been determined that she belonged 
to group A. The first transfusion consisted of 500 cc. of universal blood conditioned 
by the addition of the A and B substances. She reacted with a temperature increase 
of 2.8 degrees (F.), a chill and a pulse rise of 10. Her next transfusion ten days 
later, for which homologous blood in the same amount was used, resulted in a temp- 
erature rise of 4 degrees (F.) without chill, and a pulse rise of 35. The last infusion 
of 500 cc. of homologous blood five days later did not cause any reaction. 

The universal blood used in the first transfusion had an anti-A titer 
of 1 : 256, which was reduced to 1:2. The anti-B titer was 1 : 128, 
which was also reduced to 1:2. Ordinarily, the anti-A titer would be 
considered sufficiently high to be unsafe for transfusion, and this would 
be particularly true in a patient exhibiting a marked degree of anemia. 
Although a reaction occurred following this transfusion, no signs ascriba- 
ble to hemolysis or agglutination appeared. 

The question arises as to the possible sensitization in human beings 
by the preparation used for the conditioning of O blood. Such sensitiza- 
tion might manifest itself if subsequent transfusions would follow the 
first transfusion after a certain interval. We had several cases in which 
we gave multiple transfusions of blood containing the A and B substances 
without observing any trace of clinical sensitization. In some instances 
we intentionally tried to create optimal conditions for sensitization by 
allowing an interval of one to three weeks to occur between the first 
and the second transfusion, without any manifestation of sensitization. 

COMMENT 

The advantages of routine use of universal blood for transfusions 
cannot be disputed. However, severe and fatal reactions have been 
reported by a number of investigators as the result of the indiscriminate 
use of O blood, particularly in cases in which large amounts have been 
transfused and in which marked anemia was present in the recipients. 
The danger considered inherent in the use of universal blood is commonly 
ascribed to the high content of isoantibodies capable of causing hemolysis 
and agglutination of the recipient’s cells — the basis of the term dangerous 
universal donor. 

The method used in the cases reported obviates this danger by 
partial or complete neutralization of the isoagglutinins with the cor- 
responding purified group-specific substances A and B. It cannot be 
stressed too much that this procedure can be expected to accomplish 
just that and that reactions due to other factors will occur from trans- 
fusion of such conditioned universal blood as frequently as they are 
encountered after the use of homologous blood. In the specimens of 
blood used for transfusions in the cases reported, the average anti-A 
agglutinin titer was found to be 1 : 100 and the corresponding anti-B titer 
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was 1 : 74. Treatment with A and B specific substances reduced these 
figures to 1:3 for the anti- A agglutinins and 1:4 for the anti-B 
agglutinins. 

During the practical performance of the reported transfusions a 
number of points have presented themselves which it seems desirable to 
discuss. To begin with, we were somewhat apprehensive as to our ability 
to keep our blood bank sufficiently supplied by O donors. However, our 
experiences indicate that a co'operative house staff is perfectly capable 
of procuring an adequate number of universal donors at all times. Our 
prospective donors are typed immediately when they present themselves 
to the hospital, and those belonging to group O are selected. The deter- 
mination of the blood group is done by mixing potent test serum of 
group A and of group B with the cell suspension under investigation. 
If an O blood is found, the serum of the donor prepared routinely for 
serodia^osis of syphilis is rechecked against known A cells and B cells, 
which are invariably agglutinated by serum of group O. From the 
standpoint of economical and efficient operation of the blood bank, it is 
important that the method described permits us to supply the various 
hospital services with adequate amounts of blood from a smaller “stock,” 
inasmuch as all the blood available can be used. 

Careful judgment should permit one to manage an O blood bank 
without waste. Another advantageous consequence is that blood may be 
transfused in a fresher state, as the turnover of the total stock of blood 
is much more rapid. 

The use of conditioned universal blood does away with typing and 
cross matching as emergency procedures. If universal blood is properly 
selected and the isoantibodies reduced in strength to within safe limits 
by the addition of the A and B specific substances, such blood may be 
given to any recipient without typing and cross matching in an emer- 
gency. The only exception to that rule is found in the rare cases of 
pregnancy in which isoimmunization might have produced an Rh or 
a similar antibody. In these cases a special type of blood character- 
ized by the absence of the Rh factor is required. We do not advocate 
the abolishment of cross matching as a routine procedure when it can 
be done at the leisure of the laboratory personnel, since such a procedure 
contributes a definite additional safeguard against mistakes. 

We have emphasized the use of conditioned universal blood as part 
of the operation of blood banks, which are now available in most larger 
hospitals. It is our belief that the use of conditioned universal blood 
will simplify a blood bank system sufficiently to permit its use in small 
hospitals. If selection of donors is not an emergency procedure, suitable 
donors may be determined in small communities by having their blood 
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typed in qualified laboratories at any distance. Universal donors 
designated in this manner may contribute their blood to the local blood 
bank or in individual cases at any time as most desirable. 

It is entirely beyond the scope of this paper to discuss the relative 
merits of transfusion of plasma and of whole blood. When plasma is 
produced from large pools of blood, the average residual agglutinin titers 
are likely to be relatively low. If plasma is produced on a small scale 
from individual specimens of blood, the same considerations may apply 
as to O blood, and high agglutinin titers can be reduced by the addition 
of the blood group-specific substances. 

SUMMARY 

Clinical observations on the transfusion of O blood conditioned by 
the addition of the A and B specific substances are reported. Such blood 
is characterized by extremely low isoantibody titers and combines the 
advantages of O blood in regard to the absence of group-specific factors 
in the cells with the absence of the isoantibodies in the fluid of AB blood. 

No reactions ascribable to the combination of transfused isoantibodies 
with the A and B specific substances of the recipient were observed in 
176 transfusions. The A-B mixture used was found to be effective and 
harmless. 

The advantages of the procedure and its relation to the operation 
of a blood bank with O blood predominantly or exclusively are discussed. 
Typing of a patient can be eliminated, an important time-saving factor 
in emergencies. By adopting the method described, it becomes possible 
for smaller hospitals to maintain a blood bank with O blood exclusively 
and thus avoid difficulties in keeping blood of all four groups available. 

Conditioned universal blood may be kept ready and immediately 
available for any civil or war emergency. 


Buffalo General Hospital. 



REFRACTORY HEMOLYTIC ANEMIA 

A REPORT OF FIVE CASES IN WHICH TREATMENT WAS WITH 

SPLENECTOMY 

JOHN C. SHARPE, M.D. 

AND 

J. PERRY TOLLMAN, M.D. 

OMAHA 

During the past four years we have been puzzled as to the basic 
cause and exact classification of a hemolytic type of anemia which we 
have observed in 5 adults. Furthermore, we were unable to influence 
the clinical course either by conservative medical treatment or by more 
radical surgical therapy. Detailed observations have been made in each 
case before, during and after splenectomy, and we have had the oppor- 
tunity of making postmortem examinations in 3 cases. Because of the 
unusual cHnicopathologic syndrome, we wish to present our observations 
and attempt a brief review of the literature and the rather confusing 
ideas on the subject. 

REPORT OF CASES 

Case 1. — jM. H., a white housewife aged 58, was admitted to the University of 
Nebraska Hospital !March 12, 1938 and discharged May 29. For approximately 
three months before admission the patient had noticed a' gradual loss of weight 
associated with weakness and followed shortly by a “yellow color” of the skin. 
After the appearance of the jaundice, she had noted anorexia, dizziness and several 
attacks of nausea and vomiting without colicky pain. She had, however, been subject 
to mild recurrent epigastric distress following meals, especially after eating fried 
food. For one month prior to admission she had been aware of some numbness 
of her fingers but had not noted glossitis or paresthesias of the lower extremities. 
Though the urine had been dark since the onset of the jaundice, she had not noted 
any “clay-colored” stools. The past history was nonessential. The family history 
was entirely irrelevant with regard to any similar disease. While the patient was 
in the hospital we had the opportunity to study samples of blood from her 2 
brothers and 1 sister. There was no evidence of anemia, reticulocytosis, latent 
jaundice or increased fragility of the red cells. 

On physical examination the patient appeared slightly undernourished, with a 
definite icteric tint to the skin and scleras. A few small hemangiomas were 
scattered generally over the skin, but no petechiae were present. The eyes, ears 
and nose were normal. A number of teeth were carious. The tongue was slightly 
coated but without evidence of papillary atrophy. There was no generalized 
enlargement of the lymph nodes. Though the heart was not enlarged, a soft 

From the Departments of Medicine and Pathology, University of Nebraska 
College of Medicine. 


11 



12 


ARCHIVES OF INTERNAL MEDICINE 


systolic murmur was heard over the mitral area; the blood pressure was ISO 
systolic and 72 diastolic. The lungs were clear. The abdomen was not remarkable 
except that the edge of the liver was palpable 5 cm. below the right costal margin 
and the spleen was moderately enlarged. The neurologic examination revealed 
nothing abnormal. 

Laboratory examination yielded the following data: The blood count showed 
a hemoglobin content of 3.9 Gm. per hundred cubic centimeters (23 per cent), 
1,200,000 erythrocytes and 2,800 leukocytes, with 23 per cent segmented poly- 
morphonuclears, 1 per cent basophils, 52 per cent lymphocytes and 14 per cent 
monocytes. The smear showed marked variation in size and shape of the red 
cells, with a predominance of macrocytes ; no spherocytes were seen. Marked 
polychromasia was apparent, and a few normoblasts were found. The hematocrit 
determinations showed a mean corpuscular volume of 129 cubic microns, a mean 
corpuscular hemoglobin content of 44 micromicrograms and a mean corpuscular 
hemoglobin concentration of 34 per cent. The percentage of reticulocytes was 71.6. 
The fragility test of the red cells showed beginning hemolysis at 0.46 per cent 
and complete hemolysis at 0.28 per cent. The bleeding and clotting times were 
normal; the platelets numbered 284,000. The icterus index of the blood was SS 
units. The van den Bergh reaction was direct, positive and immediate, with a 
quantitative result of 40 mg. per liter. The reaction for urobilinogen in the urine 
was positive in a dilution of 1 : 200. The stools gave a negative reaction for occult 
blood. Analysis of gastric contents showed 14 degrees of free hydrochloric acid 
and 87 degrees of total acid. The Wassermann reaction of the blood was negative. 

Roentgen studies of the gastrointestinal tract failed to show any organic lesions. 
Studies of the gallbladder showed only a fair concentration of dye with several 
irregular shadows of negative density lying within the gallbladder, which were 
interpreted as calculi. Roentgenograms of the long bones showed no gross evidence 
of any pathologic condition which could account for the anemia. 

For three weeks the patient was given large oral and parenteral doses of liver 
and iron, alone and in combination, without appreciable beneficial effect on the 
blood count. During this interval the temperature ranged from 99 to 100 F. and 
the pulse rate from 90 to 100 per minute. The degree of jaundice remained 
about the same. Since iron and liver were ineffective, they were discontinued, 
and seven transfusions totaling 3,235 cc. of blood were given during the next two 
weeks. The blood counts during this interval ranged from 3.4 to 6.8 Gm. of 
hemoglobin per hundred cubic centimeters, 660,000 to 1,800,000 red cells and 5,200 
to 8,000 white cells. The differential count continued to show the same pattern as 
on admission. The percenatge of reticulocytes varied from 80 to 90. The icterus 
index continued to fluctuate between 40 and 55 units. The hematocrit determina- 
tions showed the same macrocytic tendency. 

Because the patient failed to respond to active medical treatment, splenectomy 
was performed April 20, with the patient under spinal anesthesia. The spleen 
after removal weighed 552 Gm. Except for slight hepatic enlargement and the 
presence of cholelithiasis, no significant pathologic evidence was found to account 
for the persistent hemolytic anemia. After operation the patient had an uneventful 
clinical convalescence. However, the blood count failed to respond to splenectomy 
in any way comparable to that seen in patients with familial hemolytic jaundice.^ 

1. Sharpe, J. C. ; McLaughlin, C. W., Jr., and Cunningham, R. : Hemolytic 
Jaundice: Immediate and Delayed Changes in the Blood After Splenectomy, Arch. 
Int. Med. 64:268-279 (Aug.) 1939. 
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Therefore, four additional transfusions totaling 1,680 cc. of blood were given during 
the five weeks following operation. When the patient was dismissed from the 
hospital five weeks after splenectomy, the blood count showed a hemoglobin content 
of 8 Gm. per hundred cubic centimeters (47 per cent), 2,600,000 red cells and 
10,600 white cells. Reticulocytosis (66 per cent) was still evident. The icterus 
index was 25 units. Though the patient remained moderately jaundiced, she felt 
rather definitel}’’ improved in general strength. 

The patient returned to the outpatient department on Feb. 8, 1939, ten months 
after removal of the spleen. She still complained of persistent weakness. The 
hemoglobin content was 8.6 Gm. per hundred cubic centimeters (51 per cent) ; 
the red cell count, 2,120,000, and the white cell count, 9,100, with 55 per cent 
segmented forms, 16 per cent staff forms, 20 per cent lymphocytes, 4 per cent 
basophils and 5 per cent monocytes. The blood smear showed occasional Howell- 
Jolly bodies, rare nucleated red cells, moderate anisocytosis, marked polychromato- 
philia with basophilic stippling and achromia. No spherocytes were seen in the 
smear. Hematocrit determinations showed a mean corpuscular volume of 143 cubic 
microns, a mean corpuscular hemoglobin content of 40.5 micromicrograms and a 
mean corpuscular hemoglobin concentration of 28.3 per cent. The icterus index 
of the blood was 19 units. The platelets numbered 720,000. The percentage of 
reticulocytes was 24. The erythrocyte fragility test showed beginning hemolysis 
at 0.52 per cent and complete hemolysis at 0.28 per cent. 

Thirteen months after splenectomy the patient's family physician reported she 
had gained in strength and weight, but that her anemia persisted. The hemoglobin 
content was 12.7 Gm. per hundred cubic centimeters (75 per cent) ; the erythrocyte 
count, 3,750,000, and the leukocyte count, 7,500. 

Pathologic Observations . — ^The spleen weighed 552 Gm. It was of essentially 
normal shape, and the cut surface showed nothing particularly unusual. 

Sections show trabeculae approximately normally arranged. The lymphoid 
follicles are few in number and are small, usually without reaction centers. There 
is extensive pigmentation. Part of this pigment lies within the phagocytes, but 
some seems to lie free in the intercellular spaces. The sinusoids contain numerous 
large phagocytes, and there is occasional red cell phagocytosis. Reticulum cells 
are proliferating, and their differentiation can be followed to the production of 
free phagocytes. Scattered through the tissue are large numbers of polymorpho- 
nuclear neutrophils. These are all relatively mature. Eosinophils are present in 
moderate numbers. Nucleated red cells are present in large numbers. These are 
frequently arranged in clusters which show varying stages of maturity. 

Bone marrow obtained by sternal aspiration was studied before and after opera- 
tion. Before operation 78 per cent of the nucleated forms in the bone marrow 
were normoblasts. After operation the percentage of normoblasts decreased to 43, 
with a corresponding rise in the more mature forms of neutrophils. No abnormal 
cell forms were encountered. 

Case 2. — E. M., a married white woman aged 60, entered the University of 
Nebraska Hospital Nov, 29, 1936 and was dismissed Jan. 19, 1937. For three 
months prior to admission the patient had complained of epigastric distress asso- 
ciated with periodic attacks of nausea, vomiting, progressive weakness and a loss 
of 25 to 30 pounds (11 to 14 Kg.) in weight. The patient had been studied in the 
outpatient department, and a tentative diagnosis of carcinoma of the stomach had 
been made. She was placed on oral iron and liver therapy, without beneficial 
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effect. The patient stated she had not had anj^ previous illness of a serious nature, 
and the family history was noncontributory with regard to any similar disease. 

On physical examination the patient presented slight pallor and icterus of the 
skin. The temperature and the pulse and respiration rates were normal. The eyes, 
ears, nose and throat were normal. There was no generalized lymphadenopathy. 
The lungs were clear. The heart was normal except for a slight systolic murmur 
at the apex; the blood pressure was 108 systolic and 70 diastolic. The abdomen 
was pendulous, with a large ventral hernia. In addition, a large mass was present 
in the upper left quadrant of the abdomen which extended from the xyphoid 
process to a point S cm. below the umbilicus and which was interpreted as the 
spleen. Neither the pelvic examination nor the neurologic examination revealed 
anything abnormal. 

The blood count showed a hemoglobin content of 11.9 Gm. per hundred cubic 
centimeters (70 per cent), with 4,650,000 red cells and 2,800 white cells. The 
differential count showed 48 per cent segmented forms, 10 per cent staff forms, 
40 per cent lymphocytes and 2 per cent monocytes. The percentage of reticulo- 
C 3 -tes varied from 0.1 to 0.4 per cent. The fragility test of the red cells showed 
beginning hemolysis at 0.44 per cent and complete hemolysis at 0.26 per cent. 
Hematocrit studies revealed a mean corpuscular volume of 77 cubic microns, a 
mean corpuscular hemoglobin content of 23 micromicrograms and a mean corpuscular 
hemoglobin concentration of 30 per cent. The icterus index of the blood was 16 
units, and the van den Bergh reaction was direct and immediate. The reaction for 
urobilinogen in the urine was positive in a 1 : 40 dilution. The stools were highly 
colored with bile, yet the reaction for occult blood was negative. The bleeding 
time was two minutes, and the clotting time, eighteen minutes. The platelets on 
several examinations ranged from 104,000 to 238,000. Both the galactose tolerance 
and the bromsulphalein tests for hepatic function yielded normal results. Analysis of 
gastric contents disclosed a normal amount of free hydrochloric acid. 

Roentgenograms of the gallbladder were interpreted as giving evidence of 
cholecj-stitis with cholelithiasis. Roentgen studies of the gastrointestinal tract 
showed a large mass in the left upper quadrant of the abdomen that extended from 
the diaphragm to the iliac crest, which was interpreted as an enlarged spleen. A 
pneumoperitoneum was produced by injecting 2,200 cc. of carbon dioxide into the 
peritoneal cavit}'. The mass was easilj^ visualized and again was interpreted as an 
enlarged spleen. 

One month after admission to the hospital splenectomy was performed by 
Dr. Herbert Davis with the patient under general anesthesia. The spleen, weighing 
1,700 Gm., was found to be covered with adhesions and was removed with difficulty. 
The liver was grossly normal in appearance, whereas the gallbladder was adherent 
and thickened and contained calculi. After the operation a transfusion of 500 cc. of 
whole blood was given. The patient had an uneventful convalescence and was 
dismissed from the hospital on the twenty-first day after operation, at which time 
the blood count showed a hemoglobin content of 11.7 Gm. per hundred cubic centi- 
meters (69 per cent), 4,300,000 red cells and 12,300 white cells. At this time the 
percentage of reticulocytes was 0.5; the icterus index was 16; the bleeding and 
clotting times were normal ; the platelets numbered 324,000, and the hematocrit 
reading and the results of the fragilit}-^ test were essentially the same as on 
admission. 

The patient was readmitted to the hospital Feb. 26, 1938, approximately one 
year later, complaining of severe recurrent pains in the upper right quadrant of 
the abdomen associated with jaundice. These attacks were interpreted as typical 
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of obstructive cholelithiasis. Except for these episodes of pain, her general con- 
dition had apparently improved. The results of ph 3 'sical examination were not 
essentially different from those of the previous examination. The hemoglobin 
content was 14.6 Gm. per hundred cubic centimeters (86 per cent) ; the erythrocyte 
count, 4,950,000, and the leukocyte count, 10,100. The differential count was 
within normal limits. The percentage of reticulocytes was 2.2. The icterus index 
was 10 units, and the van den Bergh reaction was direct. The platelet count and 
the bleeding and coagulation times were normal. 

Cholecystectomy was performed on March 4, at which time marked technical 
•difficulty was encountered because of the amount of adhesions around the gall- 
bladder and a rather marked tendency to bleeding. Though the patient’s immediate 
postoperative course was uneventful, during the following six weeks she under- 
went several severe internal hemorrhages, accompanied by profound shock, and 
required four blood transfusions. Persistent postoperative hemorrhage finally led 
to death on April 19. 

Pathologic Observations. — The spleen weighed 1,700 Gm. It was normal in 
gross contour. The section shows numerous well formed lymphoid follicles, usually 
with definite reaction centers. Eosinophils are present in considerable numbers. 
There is appreciable reticulum cell proliferation, with the formation of maiw free 
phagocytes within the sinusoids, but there is no accumulation into definite 
collections. Occasional normoblasts are seen, but no erythropoietic fossae are 
encountered. No phagocytosis of red cells is seen. 

Autopsy. — Death occurred sixteen months after splenectomy and shortly after 
cholecystectomy. External examination showed a sinus tract in the right upper 
quadrant of the abdomen penetrating it deeply and communicating with the gall- 
bladder bed and the common duct region. This was walled off from the general 
peritoneal cavity b}^ relatively firm adhesions. The heart, lungs and gastro- 
intestinal tract generally were normal in appearance except for the presence 
of a considerable amount of fresh and partly digested blood in the small bowel. 
The cystic artery opened into the bottom of the sinus tract, as did the common 
bile duct. This permitted the escape of blood into the gastrointestinal tract. The 
liver was rather soft, and sections showed extensive fatty degeneration. The 
lymph nodes from several areas showed no abnormalities. No studies of the bone 
marrow were done. 

Case 3. — M. B., a housemaid aged 25, entered the University of Nebraska Hos- 
pital for the third time Nov. 30, 1936, with symptoms of a severe crisis of hemolytic 
anemia. On the two previous admissions, four years before, she had been in 
similar crises with a red cell count of about 1,000,000. Symptoms of increasing 
weakness, yellowish pallor and bouts of diarrhea had been present for two months. 

On physical examination the patient was extremely pale and moderately jaun- 
diced. The temperature was 101.6 F.; the pulse rate, 120 per minute, and the 
blood pressure, 108 sj'stolic and 62 diastolic. There were no purpuric manifesta- 
tions on the skin, and the flicking test gave a negative result. There was no 
glossitis or papillary atrophy of the tongue. Generalized Ijraphadenopathy was 
absent. There were no pulmonary abnormalities. There was a soft systolic 
murmur at the apex. The spleen was enlarged and was palpable 4 cm. below the left 
costal margin. The neurologic examination revealed nothing abnormal. 

At the time of admission the hemoglobin content was 3.4 Gm. per hundred 
cubic centimeters (20 per cent) ; the erythrocyte count, 990,000, and the leukocyte 
count, 4,000. Except for a shift to the left of the poEmorphonuclear series, the 
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differential count was normal. The blood smear showed extreme variation in 
the size and shape of the red cells, with numerous polychromatophilic cells, Cabot 
rings and Howell- Jolly bodies. The mean corpuscular volume of the erythrocytes 
was 103 cubic microns; the mean corpuscular hemoglobin content was 36 micro- 
micrograms. The bleeding, clotting and clot retraction times were normal ; the 
number of platelets was slightly reduced. The percentage of reticulocytes was S.5. 
The fragility test of the red cells showed beginning hemolysis at 0.46 per cent and 
complete hemolysis at 0.28 per cent. The icterus index was 27 units; the van den 
Bergh reaction was indirect, with a quantitative result of 2 mg. per liter. The 
reaction for urobilinogen in the urine was positive in a dilution of 1 : 60. There 
was complete absence of free hydrochloric acid in the gastric contents, and examina- 
tion of the stool did not reveal any blood. The urine was normal, and the 
Wassermann reaction of the blood was negative. A biopsy of the bone marrow 
showed marked hyperplasia of the erythropoietic tissue. Roentgenograms of the 
skull showed definite evidence of increased thickness. 

The patient was critically ill. Emergency splenectomy was considered, but 
transfusions were elected in view of the extremely low blood counts and the 
poor operative risk. A transfusion of 450 cc. of whole blood by the indirect citrate 
method was given on each of two successive days. Though there was no imme- 
diate febrile reaction after either transfusion, a few hours after the second one 
the patient complained of severe abdominal pain. The jaundice became more 
intense, and the spleen became tender and increased in size. The temperature 
gradually rose to 105.4 F. During the next twenty-four hours the erythrocyte 
count dropped from 1,700,000 to 1,360,000 and the hemoglobin concentration from 
36 to 25 per cent. The donor and recipient bloods were rematched and found 
to be compatible. The patient was watched carefully for signs of renal damage, 
but no anuria, hematuria or hemoglobinuria developed. Four days later splenectomy 
was performed with the patient under gas-ether anesthesia, with prompt improve- 
ment in the blood and progressive decrease of the jaundice. Two months later 
the gallbladder was removed because of cholelithiasis. The patient was dis- 
charged from the hospital in a greatly improved state, both clinically and 
hematologically. 

The patient reported for a check-up examination one year after splenectomy, 
at which time she felt moderately improved. There were still a definite pallor 
and mild icterus of the skin. The hemoglobin content at this time was 7.82 Gm. 
per hundred cubic centimeters (46 per cent) ; the red cell count, 2,630,000, and 
the white cell count, 13,100. The differential smear was normal. The percentage 
of reticulocytes was 8.7. The erythrocyte fragility test showed beginning hemolysis 
at 0.56 per cent and complete hemolysis at 0.20 per cent. Though we have had 
no further opportimity personally to study the patient in detail, she recently 
reported from her home on the west coast that she has continued to have spells 
of poor health and fatigue, in spite of persistent oral • and parenteral liver and 
iron therapy. Her last blood count, in June 1940, three and one-half years 
after splenectomy, showed a hemoglobin content of 11.90 Gm. per hundred cubic 
centimeters (70 per cent), 4,000,000 erythrocytes and 11,000 leukocytes, with 
52 per cent polj'morphonuclears, 47 per cent lymphocytes and 1 per cent eosinophils. 

Pathologic Obsei-vations . — The spleen weighed 960 Gm. and was normal in 
shape. The cut surface showed rather extensive yellow stippling. 

On section the Ij'mphoid follicles are small and rather widely spaced, and only 
a few show definite reaction centers. There is considerable hyperplasia of 
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reticular cells, and stages of differentiation to the development of free phagocytes 
within the sinusoids can be traced. These phagocytes occur in numerous collections 
of three to thirty cells each. The individual cells are somewhat variable in 
size and shape, but all show large vesicular nuclei with chromatin arranged in 
fine strands and peripheral granules. The cytoplasm is moderate in amount, is 
finely granular and frequently contains pigment. Occasional cells have included 
erythrocytes. Eosinophils are numerous throughout the section. Normoblasts 
appear in considerable numbers, and there are scattered small erythropoietic 
centers. 

Study of bone marrow obtained by sternal aspiration before operation showed 
approximately 50 per cent of the nucleated forms to be normoblasts. Shortly 
after operation the proportion was the same. Approximately one j'ear after 
splenectomy a third aspiration showed approximately 30 per cent normoblasts, 
with a proportionate increase in neutrophils. No abnormal cells were encountered 
in any of these studies. 

Case 4. — ^J. L., a white man aged 62, was admitted to the University of 
Nebraska Hospital Oct. 21, 1936 and died November 30. The patient had first 
noticed the onset of undue fatigue one and one-half years before admission to 
the hospital. This weakness had become progressively more pronounced and 
was associated with a gradual loss of 37 pounds (17 Kg.) in weight. For about 
two months he had been aware of vague abdominal distress, which was partially 
relieved by lying down. He had not been conscious of any abdominal mass 
until his physician had discovered it some ten days prior to his admission to 
the hospital. The family history was noncontributory, and the patient’s past 
history was nonessential. 

On physical examination the patient appeared to be in a fair state of general 
nutrition. Except for slight icterus of the scleras, the color was good. The 
eyes, ears, nose and throat were not remarkable. The heart and lungs were 
normal for a man of his years. The abdominal examination showed a large 
mass extending from just under the left costal margin down to and below the 
umbilicus. The edge of the liver was palpable 2 fingerbreadths below the right 
costal margin, smooth and not tender. Except for an indirect inguinal hernia 
on the right side, no other significant physical abnormality was found. 

The laboratory examination of the blood showed a hemoglobin content of 
11.22 Gm. per hundred cubic centimeters (66 per cent), with a red cell count 
of 3,210,000 and a white cell count of 2,500. The differential count showed 
25 per cent polymorphonuclears, 23 per cent staff forms, 35 per cent lymphocytes,^ 
10 per cent monocytes, 5 per cent atypical lymphocytes and 2 per cent eosinophils. 
The percentage of reticulocytes was 2.4. The Wassermann reaction of the blood 
was negative; urinalysis yielded normal results. The fragility of the red cells 
showed beginning hemolysis at 0.44 per cent and complete hemolysis at 0.30 
per cent. 

Initial roentgen studies showed a mass in tire left upper quadrant of the 
abdomen, associated with distortion of the renal pelvis, with collapse of the major 
calices and inferior displacement of the kidney, which was interpreted as a possible 
neoplasm in the left kidney. Results of further roentgen examination after a 
barium sulfate enema and production of pneumoperitoneum were interpreted as giving 
evidence of a possible large retroperitoneal tumor mass, measuring about 8 by IS by 
19 cm., which was displacing the left kidney downward. After the oral administra- 
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tion of dye, roentgenograms of the gallbladder showed cholelithiasis. Studies of the 
long bones revealed nothing abnormal; hypertrophic changes were visible in the 
lumbar portion of the spine. 

The anemia was refractory to all forms of treatment during the diagnostic 
study. On the twenty-sixth day of the patient’s stay in the hospital an 
exploratory laparotomy was done by Dr. C. H. Waters with the patient under 
spinal anesthesia. The enlarged mass described was found to be due to a 
tremendously enlarged spleen, and splenectomy was performed. After removal 
the spleen weighed 2,060 Gm. The liver was slightly enlarged yet of normal 
appearance and .consistency. A thick-walled gallbladder containing stones was 
encountered. The postoperative course was uneventful until the sixth day, at 
which time hypostatic pneumonia developed in the lower lobe of the left lung. 
At this time the blood count showed a hemoglobin content of 12.41 Gm. per 
hundred cubic centimeters (73 per cent), 4,970,000 erythrocytes and 11,200 
leukocytes, with 45 per cent polymorphonuclears, 25 per cent staff forms, 21 per 
cent lymphocytes, 5 per cent monocytes, 2 per cent basophils and 2 per cent 
eosinophils. The congestion at the base of the left lung increased, and the patient 
became gradually weaker; he died on the thirteenth day after operation. 

Pathologic Observations . — ^The spleen weighed 2,060 Gm. It was of essentially 
normal shape. The outer surface was rather deep in color, with numerous 
lymphoid follicles. 

On section there are numerous lymphoid follicles, but relatively few show 
definite reaction centers. There are numerous small centers of fibrosis through 
the tissue, usually surrounded by zones of hypertrophied reticular cells with 
differentiation into free phagocytes. Sinusoids contain large numbers of these 
phagocytes, but they are usually not arranged in clumps. There is extensive 
red cell phagocytosis. Eosinophils are present in small numbers. There are 
scattered normoblasts but no definite erythropoietic foci. 

No sternal aspirations were done on this patient. 

Autopsy . — The site of the recent surgical operation was well healed. The 
heart was essentially normal. The left lung weighed 1,540 Gm., with almost 
complete uniform consolidation of the tissue, which on section proved to be 
typical lobar pneumonia. The splenic vein and artery each contained a thrombus 
extending through about the distal two thirds of the vessel. The thrombus did 
not extend into the portal vein or to the celiac axis. The liver was rather 
large and somewhat pale, with some degree of fatty degeneration evident in 
the section. The lymph nodes generally showed no abnormalities. 

Case 5. — E. M., a white laborer aged 61, entered the University of Nebraska 
Hospital for the first time May 7, 1937, complaining of intermittent weakness 
since 1932. For several months during each of the past five years he had been 
forced to stop work because of fatigue. About eight months before admission 
to the hospital a diagnosis of pernicious anemia had been made elsewhere, and 
oral and intramuscular liver therapy had been instituted. Though considerable 
improvement was first noted, a severe relapse soon occurred while he was still 
under intensive liver therapy. Symptoms of marked weakness, dyspnea and 
palpitation on exertion, dizziness and a lemon yellow pallor had all been slowly 
progressive in spite of all types of antianemic therapy. He stated that he 
had had no symptoms of sore tongue, paresthesia or gastrointestinal disturbance. 
The past and family histories were noncontributory except that a brother had 
been jaundiced for a short time at the age of 20 years. 
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On physical examination the patient appeared well nourished. The temperature 
and the pulse and respiration rates were normal. There was a definite icteric 
tinge of the skin and scleras, and the mucous membranes were pale. The eyes, 
ears, nose and throat were normal except for the retinas, examined by Dr. Harold 
Gifford, which showed many scattered hemorrhages. There was no evidence 
of redness of the tongue or papillary atrophy. There were a few pea-sized 
cervical lymph nodes, but lymphadenopathy was not generalized. The lungs were 
clear, and the heart was not remarkable in rhythm or sounds. There was sclerosis 
(2 plus) of the radial vessels, and the blood pressure was 112 systolic and /2 
diastolic. The spleen was enlarged, being palpable 7.5 cm. below the left costal 
margin, and was smooth and firm. There were no areas of abdominal tenderness, 
and no abnormal masses were palpable. The neurologic examination revealed 
nothing abnormal. 

A blood count disclosed a hemoglobin content of 9.69 Gm. per hundred cubic 
centimeters (57 per cent), 2,860,000 erythrocytes and 3,200 leukocytes, with 
30 per cent segmented polymorphonuclears, 31 per cent staff forms, 26 per cent 
lymphocytes, 6 per cent monocytes and 1 per cent eosinophils. A smear of the 
red cells showed marked achromia with anisocytosis, poikilocytosis with a shift 
toward the macrocytic side, polychromatophilia and nucleated red cells (5 per 
hundred white cells). No spherocytes were noted. The mean corpuscular volume 
was 124 cubic microns; the mean corpuscular hemoglobin content, 32.4 micro- 
micrograms, and the mean corpuscular hemoglobin concentration, 28 per cent. 
The percentage of reticulocytes varied from 10.3 to 14.3. The fragility of the red 
cells to hypotonic solutions of sodium chloride showed beginning hemolysis 
at 0.32 per cent. The platelets numbered 230,000. The bleeding and clotting 
times were normal with firm and rapid retraction of the clot. Urinalysis yielded 
normal results, and the Wassermann reaction of the blood was negative. Analysis 
of gastric contents showed 13 degrees of free acid and 27 degrees of total acid; 
examination of the stool did not reveal any blood. The basal metabolic rate 
was — 8 per cent. The blood nonprotein nitrogen was 35 mg. per hundred 
cubic centimeters. The van den Bergh test showed a direct, delayed, slightly 
positive reaction, with a quantitative result of 17 mg. per liter. The bromsulphalein 
test for hepatic function showed 50 per cent retention after five minutes and 
10 per cent after thirty minutes. A biopsy of bone marrow taken from the 
sternum revealed marked hyperplasia of the erythropoietic tissue. 

Splenectomy was advised, but the patient refused, and he was dismissed from 
the hospital with instructions to take weekly intramuscular doses of liver extract 
and daily doses of reduced iron. 

The patient returned to the hospital October 6 with a history of feeling 
moderately well until six weeks before admission, at which time he first noted 
vague pain in the upper part of the abdomen associated with frequent attacks 
of vomiting, increased pallor, deeper jaundice and progressive weakness. The 
stools were not clay colored, and the pain was not colicky at any time. He 
requested splenectomy at this time. 

The results of physical examination were essentially the same as on the 
previous admission. The jaundice was definitely more marked and the spleen 
slightly -larger, extending 8 cm. below the left costal margin. 

The blood count revealed a hemoglobin content of 4.25 Gm. per hundred cubic 
centimeters (25 per cent), 1,000,000 erythrocytes and 1,400 leukocytes, with the 
same differential formula. The fragility of the red cells remained normal, but 
the percentage of reticulocytes had increased to 37.5, and the result of the quantita- 
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tive van den Bergh reaction was up to 68 mg. per liter. The icterus index was 
35 units. The results of the remaining blood studies were essentially the same as 
those of the previous examination. Roentgenograms of the gallbladder failed to 
show any concentration of dye, and no opaque calculi were discerned. The 
roentgen study of the gastrointestinal tract showed no abnormality. 

In an attempt to build up the patient’s general physical condition before operation, 
intravenous injections of dextrose were administered frequently. In addition, 
transfusions of 500 cc. of whole blood, by the indirect citrate method, were 
given on two successive days. The hemoglobin content increased to 5.78 Gm. per 
hundred cubic centimeters (34 per cent), and the red cells to 1,250,000, with 
2,600 white cells. Unavoidable circumstances prevented operation being performed 
at this time. The second day after the second transfusion the patient complained 
of a recurrence of the vague abdominal pain, which rapidly increased in severity. 
The jaundice became deeper; the spleen, tender to palpation. What first appeared 
to be an attack of biliary jaundice was really an acute hemolytic crisis, in which 
the blood count slowly decreased to 3.4 Gm. of hemoglobin per hundred cubic 
centimeters (20 per cent), 980,000 red cells and 2,250 white cells. The percentage 
of reticulocytes was 39 ; the icterus index increased to 50 units. The stool was 
highly colored at all times, and the van den Bergh reaction remained indirectly 
positive. Transfusions were resorted to again and two injections of 500 cc. 
each were given a day apart, with no apparent reaction. Though the general 
condition improved somewhat, the blood count decreased to 2.72 Gm. of hemoglobin 
per hundred cubic centimeters (16 per cent), 510,000 erythrocytes and 2,000 
leukocytes, so that emergency splenectomy was performed October 27. 

During the first forty-eight hours after operation, the patient’s general 
condition was good and the jaundice noticeably lessened. He was given adequate 
fluid parenterally and a blood transfusion of 500 cc. immediately after operation 
and on each of the two succeeding days. On the third day after operation the 
hemoglobin content had increased to 6.97 Gm. per hundred cubic centimeters (41 
per cent), the red cells to 2,210,000 and the white cells to 3,800. The jaundice 
had almost entirely disappeared. At this time the temperature .was 103 F, ; the 
pulse rate, 110 per minute, and the respiratory rate, 35 per minute, associated 
with increasing abdominal distention. A large amount of serous fluid drained 
freely from the surgical wound, through which a small tag of omentum had 
appeared. Signs of free fluid in the abdomen became evident. The patient died 
the morning of the fifth day after operation, with increasing ascites and coma. 

Pathologic Obsei-vatious . — The spleen weighed 1,120 Gm. and measured 22 by 
14 by 6 cm. The cut surface showed a rather brownish pulp with fairly distinct 
lymphoid follicles. 

Sections show occasional lymphoid follicles with rather large reaction centers. 
The pulp is moderately congested. There are numerous eosinophils. ' There is 
moderate proliferation of reticular cells, which differentiate to form free phagocytes. 
These phagocytes occasionally appear in small collections in the sinusoids. Occa- 
sional ingestion of red blood cells is encountered. Normoblasts are frequent, and 
fairly numerous erythropoietic centers are seen. 

Autopsy . — External examination revealed nothing unusual except the recent 
surgical incision in the left upper quadrant of the abdomen. Fifty to 100 cc. of 
fluid was encountered in the peritoneal and pleural cavities. The heart was entirely 
normal. The right lung showed a few small scattered areas of bronchopneumonic 
consolidation. The splenic vein was filled with a loosely adherent soft thrombus 
extending from the operative site to the portal vein and deeply into the liver. 
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No portion of this thrombus gave the impression of organization. Sections show 
that it is laminated and of a loose fibrinous character without organization. The 
gallbladder and the common bile ducts contained numerous small concretions, with 
no obstruction to the lumen. Sections of lymph nodes in various areas show no 
abnormalities. 

The sternal marrow removed at autopsy shows approximately 50 per cent 
normoblasts, with no abnormal cells. 

COMMENT 

Etiology and Classification . — ^In attempting properly to evaluate this 
particular type of anemia, we must admit from the beginning that we 
have been completely puzzled as to the exact cause and the possible 
classification. Of the 2 males and 3 females in this series, all were 
adults whose ages varied from 25 to 62 years. The ages in 4 of the 5 
cases ranged from 58 to 62 years. We, as well as others,” failed to elicit 
any history of previous similar attacks in childhood even after the most 
careful and repeated questioning. Investigation of some of the available 
relatives did not show evidence of an altered blood picture. The study 
of each individual case failed to reveal the fundamental cause of the 
hemolytic mechanism that obviously occurred in each instance. The 
signs of compensatory hyperactivity of the bone marrow were also a 
prominent feature. Beyond these facts, however, there was no further 
clinical evidence of the true basic cause of the disease process. Further- 
more, postmortem examination in 3 cases gave no positive tangible clues 
as to the cause except possibly for the peculiar histiocytic reaction which 
occurred within the spleen. There was no evidence of the presence of 
accessory spleens or hemolymph nodes to account for the hemolytic 
process. 

The refractory hemolytic anemia of which we are reporting cases 
should not be confused with congenital hemolytic jaundice, and the two 
disorders should be distinguished one from the other. In this respect, ' 
difficulty was encountered in attempting to gain help from the literature 
because of the diverse and often misleading terminology used by different 
authors. For example, some American writers frequently referred to 
this type of anemia as the acquired, or adult, type (Hayem-Widal) of 
hemolytic jaundice ® or atypical hemolytic anemia.^ Other authors ® 

2. (a) Davidson, N. S. P.: Macrocytic HEcmolytic Ansemias, Quart. J. Med. 

1:543-579 (Oct.) 1932. (&) Lovibond, J. L.; Macrocytic Hsemolytic Anaemia, 

Lancet 2:1395-1399 (Dec. 21) 1935. 

3. (c) Tileston, W.: Hemolytic Jaundice, Medicine 1:355-388 (Aug.) 1922. 
(b) Rastetter, J. W., and Murphy, F. D.: Acquired Hemolytic Jaundice, Am. J. 
Digest. Dis. & Nutrition 4:805-810 (Feb.) 1938. 

4. Thompson, W. P. : Hemolytic Jaundice: Diagnosis, Behavior and Treat- 
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maintained that the acquired and the congenital form of hemolytic 
jaundice are essentially the same, that they differ only in the age period 
at which the clinical manifestations become apparent and that the funda- 
mental defect is congenital. It is our opinion that many instances of the 
so-called acquired type of hemol3dic jaundice are in reality congenital, 
because after a diligent and careful examination of other apparently 
“well” members of the families of several patients with such disease one 
of us (J. C. S.) has disclosed a number with a subclinical form of the 
disorder.® Some English authorities deny the existence of the acquired 
form of hemolytic jaundice," while others designate such disease as 
macrocytic hemolytic anemia® or hemolytic (spherocytic) jaundice in 
the adult.® 

Classification of the various hemolytic anemias has been vague and 
ill defined, chiefl}^ because of the lack of sufficient information. The 
term hemolytic anemia has proved a useful dumping ground for many 
obscure diseases of the blood. There has been no clear and accepted 
definition of what constitutes hemotytic anemia. Pepper ® has recently 
called attention to this discouraging state of affairs by asserting, “There 
are still large gaps in our knowledge of the fundamental process of 
erythrocytic destruction.” He also emphasized the lack of clear 
separation between the various groups of so-called hemolytic anemias. 

Hemolytic anemia appears in many guises and cannot be readily * 
classified as a separate entity. No attempt will be made to classify this 
group of anemias in this report. In fact, we are not concerned with 
the hemol3dic anemias associated with or secondary to such pathologic 
conditions as hepatic disease, Hodgkin’s disease or leukemia^® or with 
those due to sulfanilamide,^^ lead or infections of various types.’^® While 
in several of the cases reported b3'^ Thompson ^ so-called atypical 
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hemolytic anemia was secondary to reticulum cell sarcoma of the spleen, 
to syphilis or to tuberculosis, there were 9 cases in which no etiologic 
basis for the hemolytic anemia could be found. Israels and Wilkinson 
raised the question of whether the cases they reported were instances 
of true hemolytic jaundice with unusual hyperplastic reaction within the 
spleen or .primary disease of the spleen which had given rise to 
hemolytic anemia with acholuric jaundice. They expressed the opinion 
that the evidence supported the former view. 

Dameshek and Schwartz recently brought the whole question of 
the hemolytic syndromes into clearer focus by their experimental and 
clinical demonstrations of active serum isohemolysin. They expressed 
the opinion that the various blood pictures of the hemolytic anemias, 
viz., anemia, spherocytosis, increased fragility and reticulocytosis, are 
in all probability due to the effects of the varying amount and activity 
of hemolysins and are modified by the patient’s power to react. Their 
work may well explain the common factor in such supposedly completely 
unrelated hemolytic syndromes as erythroblastosis foetalis, acute hemo- 
lytic anemia of Lederer, acute paroxysmal hemoglobinuria, “pernicious 
anemia” of pregnancy and up to and including acute or chronic hemolytic 
(spherocytic) anemia of either the congenital or the acquired type. 
Such interesting speculation is being further worked out by these authors. 
Unfortunately, no data were obtained in our studies which either confirm 
or oppose these views. Josephs,^® on the contrary, expressed the belief 
that hemolytic anemia may be due to lack of some substance normally 
present in plasma, because he has isolated from human and from pig 
blood plasma a substance which reduces, if it does not completely inhibit, 
abnormal hemolysis in certain hemolytic anemias. 

Davidson and Fullerton, in a study of several cases of such anemia, 
were unable to offer any explanation for the blood destruction. They 
also expressed doubt that acute hemolytic anemia of Lederer could be 
separated from other hemolytic anemias merely because of the claim that 
blood transfusion apparently produced a cure. Along the same line of 
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thought, Scott, Robb-Smith and Scowen suggested the possibility 
that some obscure hemolytic anemias may be formes frustes of the 
Marchiafava-Micheli syndrome in which the hemolytic anemia is not 
sufficiently intense to produce hemoglobinuria. Dacie, Israels and 
Wilkinson^® have demonstrated autohemolysis in vitro, which was 
shown to be dependent on the pn of the system. 

In summary, one can only say that it is impossible to make a coherent 
story out of the true etiology of hemobdic anemia at present. It remains 
obscure and in a state of confusion. However, with an increased number 
of cases of this disease being’ recognized and studied, an open mind 
should be maintained with an optimistic attitude toward the solving of 
the etiologic problems. 

Clinical Manijestations . — The average duration of symptoms in this 
group of 5 cases varied from three months to five years. During the 
course of the disease the clinical picture varied considerably, from chronic 
(case 3) to subacute (cases 1, 2 and 4). In addition, the alternating 
periods of remission and relapse were well exemplified in case 5, in which 
they extended over five years. In no instance, however, was there any 
indication of a complete and spontaneous disappearance of symptoms 
after the disease process once became evident. 

The clinical symptoms in these cases were those found in any 
hemolytic type of anemia, that is, weakness, pallor and jaundice. The 
onset was usually insidious. Loss of weight and a low grade fever were 
constant features in each case. Vague gastrointestinal disturbances, such 
as anorexia, epigastric distress, nausea and vomiting, and intermittent 
diarrhea were frequently present. Dizziness associated with palpitation 
and dyspnea on exertion was usually a less common complaint. Only 1 
patient (case 1) had noted mild paresthesias of the extremities, whereas 
glossitis was significantly absent in all cases. 

On examination all the patients presented various degrees of pallor, 
icterus and under nutrition. In 3 cases the patients were in a severely 
critical condition on admission to the hospital. During the observation 
period, a low grade fever was usually present, with the temperature 
ranging from 99 to 101 F. For the most part the jaundice was 
moderately severe, although the intensity would var}^ from time to time. 
Because of the hemolytic rather than obstructive character of the icterus, 
itching of the skin and bradycardia were absent. Splenomegaly was 
present in each instance. In cases 2 and 4 local pressure symptoms from 
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the enlarged spleen were encountered to such a degree that the pos- 
sibility of a retroperitoneal or a pararenal tumor mass had to be excluded 
by roentgen examination of the genitourinary and the gastrointestinal 
tract before and after the production of a pneumoperitoneum. The 
liver was clinically interpreted as slightly enlarged in 2 cases, but without 
frank evidence of hepatic insufficiency or obstruction. In the 2 patients 
in whom the number of platelets in the blood was reduced (cases 2 and 
3), a few mild purpuric spots were found in the skin. 

As observed in persons with familial hemolytic jaundice, patients with 
this type of aiiemia were also subject to crises of acute blood destruction. 
During such an episode there was an acute exacerbation of all symptoms 
and signs, with increased jaundice, pallor, fever and splenomegaly. 
Epigastric distress occasionally became acute and colicky in nature. The 
hemoglobin content and the number of red cells decreased rapidly within 
twenty-four to forty-eight hours. In many instances no direct cause 
could be elicited for the initiation of these acute attacks. In cases 3 and 
5, however, the crises immediately followed the transfusion of whole 
blood. These unexplained reactions following transfusion have been 
previously reported more fully, with a note of warning in the con- 
sideration of treatment. 

Laboratory Studies . — The blood in these cases showed a number of 
interesting and rather characteristic changes. The blood picture varied 
according to the balance between the mechanism of blood destruction 
and of compensatory blood formation. The degree of anemia was severe 
and profound in cases 1, 3 and 5, with the level of erythrocytes just at 
or under 1,000,000 cells per cubic millimeter. Initial erythrocyte counts 
in each of the other 2 cases were 3,200,000 and 4,650,000 per cubic 
millimeter. The erythrocytes were of the macrocytic type in 3 cases, the 
mean corpuscular volume averaging for the group 118 cubic microns; 
the mean corpuscular hemoglobin contents 37 micromicrograms, and 
the mean corpuscular hemoglobin concentration, 31 per cent. These 
observations are in agreement with those of Kremer and Mason (3 
cases) and Dyke and Young (6 cases The hematocrit reading 
in case 2 showed a hypochromic microcytic type of red cell. The data 
in case 4 were incomplete in this regard. In all but case 2 reticulocytosis 
was a striking feature, with the percentage of reticulocytes ranging from 
8.4 to 71.6 and averaging 39.2 for the group. In case 2 on repeated 
examinations before splenectomy the patient had only 0.2 to 1.7 per cent 
reticulocytes. Studies of the stained blood smear for the presence of 
spherocytes, so characteristic of familial hemolytic jaundice, failed to 
reveal their presence in any case. Watson^” has recently encountered 
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increased fragility of the red cells in 2 patients with hepatic disease who 
had macrocytosis and increased blood destruction. In our cases, how- 
ever, a number of fragility tests were carried out at different times, 
without definite or significant abnormality in the results. The tests were 
carried out before and after splenectomy and on various members of the 
patients’ families who were available. The bleeding and clotting times, 
as well as the platelet count, showed little. change in 3 cases but were 
somewhat decreased in cases 2 and 3. 

Further preoperative hematologic investigation showed in each 
instance definite and persistent leukopenia, with the white cell count 
ranging from 1,400 to 4,000 per cubic millimeter. . With the exception 
of case 1, in which there was some slight deviation toward the lympho- 
cytic series, the differential formula was of normal distribution. 

The degree of bilirubin present in the serum of these patients was 
measured by the icterus index, which ranged from 16 to 55 units, with 
an average of 34.4 units for the group. This hyperbilirubinemia varied 
from time to time in each case without apparent direct relation either 
to the degree of anemia or to the size of the spleen. The van den Bergh 
reaction was positive, usually being of the indirect type. The stools were 
highly colored with bile, and the reaction for urobilinogen in the urine 
was positive in dilutions of 1 -.40 to 1 ;200 in the 3 cases in which a test 
was made. Bilirubinemia as a result of obstructive jaundice was not 
encountered. Tests for hepatic function were performed in 2 cases, with 
normal results. Fractional analyses of gastric contents gave normal 
results except for achlorhydria in case 3. In the consideration of the 
differential diagnosis, the presence of free acid in the gastric contents 
should help rule out the possibility of pernicious anemia. 

In all 5 cases cholecystograms disclosed the presence of biliary 
calculi. However, as far as we could determine, the cholelithiasis was 
not the cause of any episodes of colicky pain, obstructive jaundice or 
clay-colored stools before splenectomy. In case 2 the patient returned 
to the hospital one year after splenectomy with complaints typical of 
biliary colic. Subsequent examination of the calculi in 4 cases showed 
them to be composed chiefly of pigment and calcium salts. Apparently 
the mechanism for the production of biliary calculi which was present 
in these cases was similar to that frequently seen in cases of familial 
hemol3qic jaundice'.-® Except for pressure defects from the enlarged 
spleen, roentgen studies of the gastrointestinal tract showed no gross 
abnormality which could account for the pathologic process. 

Pathologic Observations . — ^There are several features common to the 
spleens in these 5 cases, as well as some differences. Grossly, all of the 
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spleens were moderately to markedly enlarged, varying from 550 to 
2,000 Gm. in weight. All were of essentially normal shape, that is, 
showing a general and uniform enlargement. Microscopically, all show 
reticulum cell hyperplasia as a striking feature, and in some this is the 
most prominent change. Reticulum cell hyperplasia can be traced 
through a series of differentiating cells to the formation of free 
phagocytes. These phagocytes appear in the sinuses in groups or 
clusters in several of the spleens, although the clumping is not present 
in all of them. These cells are characterized by rather large vesicular 
nuclei with prominent sharp chromatin strands and fairl)" deeply staining 
cytoplasm. Pigment in moderate amounts has been ingested, and in 4 
of the 5 spleens these phagoc)'-tes have ingested erythrocytes in greater 
or smaller numbers. Marked phagocytosis of erythrocytes is evident 
in only 1 spleen. Normoblasts are present in all of the spleens. In 
some instances these are present in rather small numbers, while in others 
they are more numerous and definite erythropoietic' foci can be made out. 
No megaloblastic differentiation is encountered. 

Polymorphonuclear and eosinophilic infiltration is present in all of 
the spleens in vaiying amounts, and eosinophils in particular are 
prominent in 3 of the 5 spleens. In only 1 is there evidence of 
granulopoiesis. 

Only in case 3 is there a marked congestion of the pulp suggestive 
of the change characteristicall}'- seen in congenital hemolytic icterus. 
Three of the 5 spleens show lymphoid follicles rather widely scattered 
with little evidence of germinal centers. The other two spleens (cases 
2 and 5) show well formed reaction centers. 

The bone marrow studied was characterized by the marked pre- 
dominance of erythropoietic activity. This is striking in view of the 
persistent anemia in this group of cases. 

In the 3 cases in which postmortem examinations were done, par- 
ticular attention was paid to the reticuloendothelial system of various 
organs and to the character of the lymph nodes. No abnormalities were 
noted in either tissue. 

Differential Diagnosis . — The proper evaluation of these cases taxed 
the diagnostic acumen of the keenest clinician. It was necessary to obtain 
a detailed history and examination not only of the patient but of all 
the available relatives. Many various and repeated hematologic deter- 
minations were performed to help rule out other dyscrasias of the 
blood. Biopsy of sternal marrow for the study of bone marrow was 
necessary. After a careful and detailed period of study and observation, 
the clinicohematologic syndrome was tentatively placed in the unsatis- 
factory category of “hemolytic anemia.” This was further substantiated 
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when it became evident that the anemia was apparently refractory to 
the usual forms of treatment. In the differential diagnosis, one must, 
of course, consider the following diseases of the blood : 

Familial Hemolytic Jaundice: Though there is a superficial 
resemblance between familial hemol^fiic jaundice and the type of 
macrocytic hemolytic anemia reported here, there are a number of 
clinical differences, several definite hematologic dissimilarities and a 
striking and important difference in the result of treatment. Both 
diseases have in common the history of weakness accompanied by 
anemia, jaundice and enlargement of the spleen. Likewise, both 
syndromes are frequently complicated by secondary cholelithiasis. How- 
ever, the macrocytic hemolytic anemias tend to occur in an older age 
group of patients who have not shown any previous clinical mani- 
festations. In addition, there is no sign of the disease in other members 
of the family. In macrocytic hemolytic anemia the clinical course is 
usually more severe and of shorter duration than in familial hemolytic 
jaundice. Furthermore, the jaundice is more intense, the splenomegaly 
more marked and the hemoclastic crisis of blood destruction more pro- 
tracted and serious in nature. In a study of the blood the anemia of 
hemolysis with hyperbilirubinemia and sustained, though varying, 
reticulocytosis is obvious in both conditions. However, instead of the 
microspherocytic type of red cell and the increased fragility, so 
characteristic of hemolytic jaundice, the erythrocytes of this type of 
hemolytic anemia are definitely macrocytic, with normal or only slightly 
altered fragility. In contradistinction to the normal leukocyte count or 
moderate leukocytosis of familial hemolytic jaundice, this group of 
macroc3ftic hemolytic anemias presents striking leukopenia. Finally, 
whereas splenectomy in familial hemolytic jaundice is the treatment of 
choice, with unquestioned excellent results, removal of the spleen in 
macrocytic hemolytic anemia is followed by little or only slight improve- 
ment in the hemolytic process. This striking difference in treatment 
between the two disorders will receive more emphasis later. Though 
one would consider such a differentiation relatively simple, the dis- 
tinction between these two diseases may give rise to considerable 
controversy from the standpoint both of diagnosis and of treatment. 

Acute Hemolytic Anemia of Lederer: This rather rare and acute 
hemolytic syndrome of unknown origin is usually most common in 
infants and young adults, rather than in persons of an older age group, 
such as those in the cases we are reporting. In addition, leukocytosis 
with myeloid immaturity and mild thrombopenia are rather important 
differences. Furthermore, a favorable reaction to blood transfusion, 
causing a dramatic and complete recover}^ is a most helpful diagnostic, 
as well as therapeutic, point. 
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Banti’s Disease : This chronic disease, often called splenic anemia, 
is a syndrome of splenomegaly, progressive anemia and leukopenia 
associated with a tendency to gastric hemorrhages, hepatic cirrhosis and 
ascites. Undoubtedly, there is more than one factor responsible for 
the clinicohematologic changes in Banti’s disease. One realizes the 
anemia under discussion could not be included in this vague category 
when due consideration is given to the pathologic observations. The 
absence of fibrosis, the dilatation of the splenic sinuses, the esophageal 
varices and the changes in the hepatic tissues are striking differences 
in the two conditions. Furthermore, the anemia of Banti’s disease is 
not hemolytic, and the bone marrow is usually normoblastic.”^ 

Miscellaneous Diseases*. Hodgkin’s disease, pernidous anemia, 
aleukemic leukemia, reticuloendotheliosis, syphilis and malaria must be 
considered in the differential diagnosis, although distinctive character- 
istics of each disease make the separation relatively simple. 

Treatment . — The importance of this group of grave anemias appears 
to be in the uncertainty of response to the various lines of treatment. 
In fact, in our cases the disease was characterized by a failure of all 
available antianemic remedies. It is our opinion that in the future 
when the basic underlying mechanism of the hemolytic process causing 
this disease is discovered and, if possible, removed or corrected, the 
anemia will show prompt improvement. This view is substantiated 
when we consider the presence of the hyperactive bone marrow and 
reticulocytosis, which are more than capable of restoring the circulating 
blood cells to normal, providing the destructive phase of the erythro- 
poietic equilibrium is eliminated. Therefore, until this problem has been 
solved, one must be contented with a trial of the usual forms of treat- 
ment of any severe anemia, with the full realization of their shortcomings 
and the resulting grave prognosis. 

Liver and Iron Therapies : We have been unable to see any beneficial 
effects from oral or parenteral iron or liver therapy, alone or in combi- 
nation, with or without the vitamin B complex, either before or after 
splenectomy. This unsatisfactory response has also been the observation 
of others.-- Intensive liver therapy has also failed to influence the 
existing degree of reticulocytosis. Though determinations of the amount 
of iron in the blood have not been performed in this group of cases, this 
perhaps should be done in the future. However, one would assume 
■ from the evidence" at hand that no gross deficiency would be found. 

Transfusion : Transfusion, as a temporary measure in acute episodes 
of destruction of the blood and as a routine preoperative procedure, has 

21. Whitby, L. E. H,, and Britton, C. J. C.: Disorders of the. Blood, ed. 3 
Philadelphia, P. Blakiston’s Son & Co., 1939, pp. 283-284. 

22. Dyke and Young.sa Kremer and Mason.®b 
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long been advocated by many authorities Certainly, transfusion is of 
distinct value in patients jaundiced as a result of biliary and hepatic 
disease.-'^ However, the possible dangerous consequences of transfusions 
in cases of familial hemolytic jaundice were first pointed out by Lord 
Dawson in 1931 and later by Hartfall and Stewart,-” Doan and asso- 
ciates and Lawrence.-® After a careful analysis, they concluded it 
was impossible to determine definitely the underlying mechanisms of 
these transfusion reactions. 

The same deleterious effect of transfusion has also been noted in 
these macrocytic hemolytic anemias. Cases 3 and 5 have served as a 
basis of a previous report.^” In addition, Whitby and Britton,-^ as well 
as Kremer and Mason ®'’ have warned of the possible harmful effects of 
transfusion during a crisis, and Payne -® has recently reported a fatal 
reaction. It is our opinion that transfusion is also ineffective as a means 
of active treatment in the chronic form of this anemia. For example, 
in case 1 seven transfusions, totaling 3,240 cc. of whole blood, were 
given before splenectomy and four additional transfusions, amounting 
to 1,680 cc., after operation, without apparent effect. In other words, 
after 5 liters of blood was transfused over a period of eight weeks, the 
level of hemoglobin and red cells remained approximately the same. 
Lovibond and Israels and Wilkinson have also had this experience. 
Since transfusion ma}' at times cause the appearance of alarming 
symptoms, and e\'en death in an already critically ill patient with macro- 
cytic hemolytic anemia, and since the usual antianemic therapy with iron 
and/or liver extract is of little or no avail, it seems that one is left with 
but little to combat the acute episodes of blood destruction. 

Splenectomy : Removal of the spleen was undertaken in all 5 
cases onl}" after the failure of the other forms of antianemic treatment 
became evident. One would naturally assume that in an anemia of 
unknown hemolytic character which had failed to respond to ordinary 

23. Hurxthal, L. M. ; Hemolytic Jaundice: Consideration of the Diagnosis 
and Treatment, S. Clin. North America 15:1475-1480 (Dec.) 1935. Tileston.”*'' 
Cheney and Cheney.® 

24. Judd, E. S.; Snell, A. M., and Hoerner, M. T. : Transfusion for Jaundiced 
Patients, J. A. M. A. 105:1653-1658 (Nov. 23) 1935. 

25. Dawson (footnote 7a and b). 

26. Hartfall, S. J., and Stewart, M. J. ; Massive Paravertebral Heteropia of 
Bone Marrow in a Case of Acholuric Jaundice, J. Path. S: Bact. 37:455-459 
(Nov.) 1933. 

27. Doan, C. A. ; Wiseman, B. K., and Erf, L. A. : Studies in Hemolytic 
Jaundice, Ohio State M. J. 30:493-504 (Aug.) 1934. 

28. Lawrence, J. S.: Indications for Splenectomy in Medical Practice, Internat. 
Clin. 2:221-237 (June) 1937. 

29. Payne, R. V.: Acute Hemolytic Anemia: Death After Transfusion, Guys 
Hosp. Rep. 14:65-71 (Jan.) 1934. 
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measures removal of a large portion of the destructive process (spleen) 
in the reticuloendothelial system would cause cessation or retardation 
of the anemia. In addition, a beneficial effect should be expected when 
the bone marrow is hyperplastic and there are a great number of young 
erythrocytes (reticulocytes) in the circulating blood stream attempting 
to compensate for the blood destruction. On this premise, splenectomy 
was performed in each of these 5 cases. However, the results were not 
those we expected. Special detailed blood studies were performed every 
few minutes during, and at longer intervals after, operation. In no 
instance was there the dramatic immediate change in the blood followed 
by a second more gradual and permanent effect, such as takes place in 
familial hemol^'tic jaundice. The details of these comparative studies 
are reported elsewhere.^ In addition, these patients were poor operative 
risks and the postoperative complications much too frequent and severe. 
No such postoperative complications were observed in the 14 patients 
on whom splenectomy was performed of a group of 31 patients with 
familial hemolytic jaundice.-® In our series of patients, 1 (case 5) died 
on the fifth day after operation of thrombosis of the splenic vein,®® 1 
(case 4) died of postoperative pneumonia one week after splenectomy 
and 1 (case 2) died of postoperative hemorrhage after a subsequent 
cholecystectomy, one year after splenectomy. Two patients (cases 3 
and 1) are living five and a half and four years, respectively, after 
splenectomy with moderate, though certainly not complete, improvement. 
Both these patients continue to have a mild hemolytic type of anemia 
with leukocytosis but without the acute and severe clinical exacerbations 
and the crises' of blood destruction observed before operation. In our 
experience we can only state that splenectomy has apparently helped 
to modify the hemolytic activity, but the clinical and hematologic results 
are still far from satisfactory. 

That splenectomy does not favorably influence the course of macro- 
cytic hemolytic 'anemia has been shown also by Scott and associates, 
Lovibond and Whitby and Britton,®^ Kremer and Mason concluded 
that splenectomy is dangerous and unsuccessful in this type of anemia. 
In 2 of 4 cases reported by Thompson ^ the operation did not result in 
any change in the activity of the hemolytic process ; in the other 2 cases 
the hemolytic process progressed, and the patients died. Davidson 
reported no benefit from splenectomy in 1 case ; 1 other patient improved 
after operation, whereas a third patient improved without removal of 
the spleen. Israels and Wilkinson reported 4 cases in which splenec- 
tomy caused a slow and incomplete recovery. Rastetter and Murphy 

30. Davis, H. H., and Sharpe, J. C.: Splenic Vein Thrombosis Following 
Splenectomy, Surg., Gynec. & Obst. 67:678-682 (Nov.) 1938. 
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removed the spleens of 2 patients; 1 of them improved, but the other 
had a i*elapse and died. Dyke and Young summarized their experience 
by stating : 

Splenectomy may slightlj’' modifj’- the course of the condition, but it does not 
cure and its results are in no way comparable to those of familial hemolytic 
jaundice. Its justification in this condition appears debatable. 


SUMMARY 

Clinical hematologic and pathologic observations in 5 cases of 
refractory hemotytic anemia in adults are presented. 

The hemolytic phase of erythrocytic equilibrium with resultant 
macrocytic anemia failed to respond to the usual conservative methods 
of treatment. 

In 2 cases transfusion produced dangerous and alarming reactions. 

Splenectomy in each case failed to modify the course of the disease. 

Postmortem observations in 3 cases are discussed. 



ACUTE CORONARY THROMBOSIS IN INDUSTRY 

I. DIRECT NONPENETRATING INJURIES, WITH 
REPORT OF CASES 

HARRY D. LEIN OFF, M.D. 

NEW YORK 

The occurrence of acute coronar)^ thrombosis in workers during 
regular employment has added another facet to the many-sided picture 
of this clinical entity. The present broad and liberal compensation 
laws^ definitely state that if a disease is caused, aggravated or pre- 
cipitated by an incident arising out of and during the course of employ- 
ment, then benefits should be paid and the employer assume the costs. 
A physician must determine whether the medical criteria of the law 
have been satisfied ; namely, was a given incident capable of playing any 
etiologic role in the resulting disability ? This should be a simple matter, 
but when the criteria are applied to acute coronary heart disease there 
is so much confusion and biased dogmatism that it is not unusual to 
find equally competent observers on opposite sides of the same question. 
This clinical study is presented in the hope of dispelling some of this 
confusion and of formulating a few broad principles which may aid in 
justly evaluating the compensability of any given injury, but with the 
realization that the future may change some of the present concepts. 

MATERIAL 

The patients in this study (except in case 5) were workers who sustained 
industrial accidents arising out of and during the course of employment, followed 
by acute cardiac conditions for which compensation benefits were claimed. The 
diagnosis, most often, was acute coronary thrombosis with myocardial infarction, 
but a better diagnostic term would have been acute traumatic heart disease with 
myocardial and pericardial damage. These clinical impressions rested on a varying 
combination of history, physical examination, first medical observations, electro- 
cardiographic and roentgen studies and subsequent clinical course. 

The injuries were divided into two large groups, namely, direct nonpenetrating 
(study I) and indirect injuries (study II) of the heart. The latter group included 
all those injuries or incidents which could in a remote manner influence the 
function and structure of the heart, for example, unusual effort, exposure to gases, 
increased atmospheric pressure or surgical shock. 

1. Workmen’s Compensation Law, New York, March 1, 1936, p. 6, paragraph 
3, and p. 20, paragraph 2. 
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Direct nonpenetrating injuries result from an offending force applied directly 
to the chest without penetrating into its cavities, for instance, a blow; a kick; 
compression of the chest, or even of the abdomen - ; impact of a steering wheel ; 
striking the chest against a hard surface; jarring the contents of the chest, as in 
falling from a height, or perhaps the local application of massive doses of roentgen 
rays.3 

Can a direct nonpenetrating chest injury damage the heart? The standard 
medical ^ and specialized cardiac ® tests fail to answer this question, and a survey 
of the current literature revealed numerous reports without agreement on the 
part of various observers. A few citations will illustrate this diversity of opinion. 
Bright and Beck o collected a large series of cases of fatal heart damage following 
this type of injury, stressed the importance of early diagnosis and reported a 
number of cases of nonfatal damage. I ^ recently reported 9 cases of nonfatal 
injury of the heart, and Warburg’s monograph ® contained some valid examples 
of this type of heart damage. On the other hand, Stroud commented edi- 
torially as follows: “This subject is most important from the standpoint of 
insurance compensation. I still feel cardiac disease is unusual following anterior 

2. Beck, C. S., and Bright, E. F. : Changes in the Heart and Pericardium 
Brought About by Compression of the Legs and Abdomen, J. Thoracic Surg. 
2:616, 1933. 

3. Hartman, F. W. ; Bollinger, A. ; Doub, H. P., and Smith, F. J. : Heart 
Lesions Produced by Deep X-Ray: Experimental and Clinical Study, Tr. Am. 
Climat. & Clin. A. 43:54, 1927. Thibaudeau, A. A., and Mattick, W. L. : His- 
tological Findings in Hearts Which Have Been Exposed to Radiation in the 
Course of Treatment of Adjacent Organs, J. Cancer Research 13:251, 1929. 
Werthemann, A. : Experimentelle Rontgenschadigungen des Herzmuskels, Strah- 
lentherapie 38:702, 1930. 

4. Cecil, R. L. : Textbook of Medicine, Philadelphia, W. B. Saunders Com- 
pany, 1937. Osier, W. : Principles and Practice of Medicine, revised by T. McCrae, 
ed. 11, New York, D. Appleton and Company, 1930. Meakins, J. C. : The Practice 
of Medicine, St. Louis, C. V. Mosby Company, 1936. Emerson, C. P. : Textbook 
of Medicine, Philadelphia, J. B. Lippincott Company, 1936. Saville, A., and 
Warner, E. C. : System of Clinical Medicine, Baltimore, William Wood & Com- 
pany, 1936. Yater, W. M. : Fundamentals of Internal Medicine, New York, D. 
Appleton-Century Company, Inc., 1938. 

5. Levy, R. F. : Diseases of the Coronary Arteries and Cardiac Pain, New 
York, The Macmillan Company, 1936. Levine, S. : Clinical Heart Disease, 
Philadelphia, W. B. Saunders Compan}', 1937. White, P. D. : Heart Disease, 
New York, The Macmillan Compan}^, 1932. Scherf, D., and Boyd, L. J. : Cardio- 
vascular Diseases, St. Louis, C. V. Mosby Company, 1938. 

6. Bright, E. F., and Beck, C. S. : Non-Penetrating Wounds of the Heart, 
Clinical and Experimental, Am. Heart J. 10:293, 1935. 

7. Leinoff, H. D. : Direct Non-Penetrating Injuries of the Heart, Ann. Int. 
Med. 14:653, 1940. 

8. Warburg, E. : Subacute and Chronic Pericardial and Myocardial Lesions 
Due to Non-Penetrating Traumatic Injuries: A Clinical Study, New York, Oxford 
University Press, 1938. 

9. Stroud, W. D., in Dick, G. F., and others: Year Book of General Medicine, 
Chicago, The Year Book Publishers, Inc., 1940, p. 699. 
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chest trauma.” These opposing views indicate that physicians are divided over 
the possibility of heart disease being in any way caused, precipitated or aggravated 
by direct nonpenetrating injury of the chest. 

As a basis for a critical study this material has certain inherent weaknesses, 
which should be mentioned. In no instance was it possible to duplicate at the 
bedside the ideal laboratory experiment of making observations before, during 
and after a given incident. On the contrary, it was necessary to reconstruct events 
weeks, months and even years later. A skilfully taken history and a thorough 
examination of all the previous medical reports and observations were important 
in bridging this gap of time and arriving at a fair clinical conclusion. It is realized 
that any attempt to relate a given incident to a subsequent pathologic condition is 
open to the criticism of “because of this, therefore that” type of thinking. This 
objection is not too valid, since present knowledge is incomplete and the physician’s 
inability to explain a given event does not alter the fact of its occurrence. Besides, 
cause and effect were often too closely related to be merely coincidpntal. 

REPORT OF CASES 

Case 1. — F. D., a 42 year old truck driver, stated that while he was unloading 
barrels of beer, one of the kegs rolled from the top, struck the front of the chest 
and threw him to the ground. On arising he was immediately aware of sharp, 
crushing cardiac pains and seemed unable to breathe. He finished the day’s work 
in spite of symptoms, but about six hours later the pains became severe and 
crushing in nature, with rapid heart action, marked dyspnea, vomiting and pro- 
found weakness. A local physician made the diagnosis of acute coronary thrombosis 
with myocardial infarction. The past cardiac health had been good. 

The patient was seen five days later, at which time he still complained of 
cardiac pains radiating to both shoulders, difficulty in breathing even while in 
bed, weakness, vomiting and rapid heart action after any exertion. The retinal 
arteries were moderately sclerotic. The heart was somewhat enlarged to the left; 
the sounds were of poor quality, were distant and lacked snap. The first apical 
sound was less intense than the second, and the second aortic sound was greater 
than the second pulmonic sound. Normal sinus rhythm was present, with a rate 
of 90 per minute. The blood pressure was 112 systolic and 80 diastolic. An 
obvious air hunger and mild shock were present. Serial electrocradiograms indi- 
cated acute myocardial damage in that part of the muscle supplied by a branch 
of the anterior coronary artery, or actually, sinus rhythm, left axis deviation and 
acute coronary thrombosis of the anterior type. The patient recovered, with 
marked curtailment of cardiac efficiency. 

Comment . — Before the accident this man was in good clinical cardiac 
health, though he had some signs of sclerosis. He sustained a direct 
nonpenetrating injury of the chest, and immediately afterward symptoms 
developed, with a complete cardiovascular collapse within six hours. 

Case 2.— H. E., a 37 year old truck driver, stated that while he was removing 
a quarter of beef weighing about 150 pounds (68 Kg.) from a hook, it slipped 
out of his grip and struck the front of the chest rather forcibly. In a few moments 
he felt sharp pains around the heart but not enough to incapacitate him. These 
pains were continuous and were made worse by e.xertion, and within forty-eight 
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hours shortness of breath, weakness, dizziness and vomiting developed. A local 
physician made the diagnosis of acute coronarj'^ thrombosis. The past histor}' was 
essentially normal, and hard physical work had been previously done without 
am' difficulty. 

This patient was seen nineteen days later, at W’hich time the only complaints 
were occasional cardiac pains, weakness and excessive gas in the stomach. The 
heart was slightly enlarged to the left (roentgenogram taken at a distance of 
6 feet [180 cm.]), the sounds were of poor quality, lacked snap and were distant. 
The first apical sound was less intense than the second, and the second pulmonic 
sound was equal to the second aortic sound, with a soft systolic murmur over 
the pulmonic valve. Normal sinus rhythm was associated with a rate of 80 per 
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hours. 1 he original electrocardiograms indicated the possibility of peri- 
cardial and myocardial damage. 

Case 3. — H. A., a 38 year old porter, stated that while he was unloading a 
hand truck, it started to move and threw him off balance; one of the bundles, 
weighing about 25 pounds (11 Kg.), became dislodged, fell and struck the front 
of the chest sharply. He felt as though his breath had been knocked out and in 
a few moments was aware of a ‘burning sensation extending down from the neck 
to the pit of the stomach. He continued working, but the symptoms became so 
bad at the end of six hours that medical aid was sought, and a diagnosis of acute 
coronary occlusion was made. The past cardiac history was normal. 

The patient was seen about three and one-half months later, complaining of 
occasional strange feelings around the heart and an inability to lie on the left side 
but without any serious curtailment of cardiac function. The eyegrounds showed 
minimal arteriosclerosis. The heart was slightly enlarged, with some dilatation 
of the first portion of the aorta; the sounds were of fair quality. The first apical 
sound was less intense than the second, and the second aortic sound was equal 
to the second pulmonic sound. Normal sinus rhythm was present, with a rate of 
80 per minute. The blood pressure was 135 systolic and 90 diastolic. The 
functional tests showed a good cardiac reserve. The electrocardiographic diagnosis 
was normal sinus rhythm, left axis deviation, myocardial damage and coronary 
occlusion of the anterior type. 

Comment . — This man was in good clinical health until he sustained a 
trauma to the anterior portion of the chest. Signs and symptoms imme- 
diately developed which led to complete collapse within six hours. There 
were some signs of sclerosis -in the eyegrounds and in the aorta. 

Case 4. — ^J. R., a 45 year old truck driver, stated that in thfe process of 
unloading poultry he was struck over the front of the chest by a crate of chickens 
and immediately became unconscious. He was removed to Morrisania City Hos- 
pital, where he remained for a considerable period, complaining of precordial pains, 
exertional dyspnea and profound weakness. At this institution the diagnosis was 
acute coronaiy^ thrombosis of an unclassified type. The past history was normal. 

This man was first seen four years later, in order to evaluate his cardiac status 
for an operation for hernia. He still complained of exertional dyspnea, inability 
to lie flat, rapid heart action and effort angina. The retinal arteries were sclerotic. 
The heart was slightly enlarged ; the sounds were of fair quality, and sinus rhythm 
was present, with a rate of 85 per minute. There was a soft systolic blow at the 
apex; the first apical sound was louder than the second, and the second aortic 
sound was greater than the second pulmonic sound. The blood pressure was 
120 systolic and 75 diastolic. Roentgen studies showed a moderate dilatation and 
elongation of the first part of the aorta, with a systolic bulge along the lower 
half of the left cardiac border. The electrocardiographic diagnosis was normal sinus 
rhythm, left axis deviation, ventricular extrasystoles, myocardial damage and 
possible coronary closure of an unclassified type. There was moderate loss of 
cardiac efficiency. 

Comment . — This patient was in good clinical health until he was 
struck in the chest. He immediately became unconscious, was hos- 
pitalized and after his recovery showed persistent signs of insufficiency 
of the coronary circulation. 
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Case 5. — J. M., a 48 year old practicing surgeon, was in an automobile accident, 
during which the front of the chest was forcibly jammed against the steering 
wheel. He was dazed, momentarily lost consciousness and then became aware of 
severe pain over the sternum, rapid heart action and an inability to catch his breath. 
The pains were made worse by moving, coughing or deep breathing. In addition, 
there were headaches, dizzy spells and a great deal of body ache. The past history 
was normal. 

This patient was seen thirteen days later, complaining of weakness, cardiac 
pain, exertional dyspnea and rapid heart action. The left side of the chest was 
tender on pressure, but roentgen examination failed to show any fractures. The 
lungs were normal. The heart was normal in size ; the sounds were of fair quality. 
The first apical sound was louder than the second, and the second aortic sound 


Case III Case IV Case V Case VI Case VII Case IX 

1 / 2/40 8 / 29/40 8 / 15/40 4 / 19/40 5 / 3/40 11 / 25/39 10 / 7/39 9 / 22/40 



Fig- 2. — Electrocardiograms made in 6 cases of nonpenetrating injury of the 
chest. 


was greater than the second pulmonic sound. The blood pressure was 138 sj'stolic 
and SO diastolic. Serial electrocardiograms showed progressive myocardial changes 
characteristic of anterior coronary closure, sinus rhythm and left axis deviation. 
The patient made an uneventful recovery and returned to work without any impair- 
ment of function. 

Comment . — Though this case does not represent an industrial acci- 
dent, it was included because of the nonpenetrating injury of the chest 
and the heart damage. Immediately after the accident cardiac signs 
and symptoms developed. The functional recovery was good. 

C.ASE 6. — G. E., a 43 j^ear old janitor, lost his balance and fell down a flight 
of stairs, striking the head, chest and back. He was somewhat dazed and a few 
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minutes later became unconscious. He was admitted to the hospital with throbbing 
pains in the head, marked shortness of breath, rapid heart action and an inability 
to speak. These symptoms subsided and his ability to speak returned. After his 
discharge there were persistent shortness of breath, exertional rapid heart action 
and edema of the ankles, which became so bad that it was necessary for him to 
reenter the hospital. At this time the diagnosis was rheumatic mitral stenosis, 
auricular fibrillation and moderate cardiac decompensation. The past history 
indicated syphilitic infection and an attack of rheumatic fever with involvement 
of the heart in 1935. The past cardiac functional status was good. 

This man was seen ten months after the injury, still complaining of exertional 
dyspnea, cardiac pains and some swelling of the ankles. The retinal arteries 
showed some arteriosclerosis. There was a. moderate amount of congestion of 
the bases of both lungs. The heart was enlarged to the left and to the right, and 
on fluoroscopic examination there was a marked prominence of the right auricle, 
with a moderate enlargement of the rest of the heart. The heart sounds were 
of poor quality. Auricular fibrillation was present, with a ventricular rate of 
95 per minute and a pulse deficit of 20. The first apical sound was replaced by a 
systolic murmur. A diastolic murmur Avas present along the left sternal margin. 
The second pulmonic sound was louder than the second aortic sound. The liver 
was enlarged 2 fingerbreadths below the costal margin, and there was pitting edema 
(1 plus) over both extremities. The blood pressure was 110 systolic and 80 
diastolic. The electrocardiographic diagnosis was auricular fibrillation, Avith a 
controlled ventricular rate, changes suggestive of myocardial damage and residual 
signs of anterior coronary occlusion, as indicated by the absence of the R Avave 
in lead IV. The patient remained under observation, and during the latter part of 
1940 he had a cerebral accident and died. 

The report of the postmortem examination was as follows: “The heart is 
enlarged both to the right and to the left. The right auricle is larger than normal. 
The tricuspid valve is normal. The left ventricle is enlarged, and the endocardium 
is grayish Avhite and firm ; it shows CA'idence of fibrosis ’, the pulmonic valve is 
normal. There is marked arteriosclerosis along the course of the pulmonary 
artery at its bifurcation. There is no evidence of pulmonary embolism. The 
mitral valve looks like a funnel and admits the tip of one finger only. There is 
a large, fresh, friable vegetation along the line of closure. The mitral valve is 
thickened and calcified in some areas. The chordae tendineae are thickened and 
shortened. The papillary muscles seem to be implanted on the valve. The large 
thrombus formation just noted is present in the dilated left auricle. An aneurysmal 
dilatation about the size of a quarter is present at the apex, Avith the myocardium 
markedly thinned out on the left side. White strands stand out prominently on 
the endocardial surface of the left ventricle. The aortic valve is normal in size- 
the cusps are thin and delicate, and the commissures are not Avidened. There are 
isolated arteriosclerotic plaques along the course of the aorta. The ostiums of 
the coronary arteries are patent. The coronary vessels are sclerotic and the lumens 
narroAved. There is no evidence of occlusion, hoAvever.” 

Comment . — According to his history, this patient was in good clinical 
health aside from a quiescent rheumatic infection of the mitral valve. 
He was able to do regular hard work without any difficulty. After the 
injury to the chest he became unconscious and from then on presented 
cardiac symptoms. In addition, there Avas a transient cerebral inr^olve- 
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ment. The diagnosis was mitral stenosis, auricular fibrillation and 
possible traumatic injury to that part of the heart supplied by a branch 
of the anterior coronary arter3^ There were an underlying rheumatic 
infection, sclerosis of the coronary arteries and possibly syphilis, all 
confirmed at autopsy. The small aneurysmal dilatation of the left 
ventricle located near the apex, but not associated with any coronary 
closure, in retrospect may have been the site of a contusion and subse- 
quent scarring. This is speculative, but if all the facts are kept in mind 
it does not seem an unreasonable possibility. 

Case 7. — M. D., a 52 3 'ear old foreman of a milk-loading depot, lost his balance 
and fell, striking the front of the chest sharply against the conveyor and a case 
of milk. He immediately felt weak and dizzy and was conscious of rapid heart 
action. He rested a short Avhile but noticed that any effort brought on sj'mptoms 
which became so bad three days later that he applied for medical aid. Before the 
injury he was in good physical health and had been doing hard physical work on 
one job for twelve years without any loss of time. 

This man was examined two and one-half months later, still complaining of 
exertional dyspnea, marked weakness and dizziness. He appeared much older 
than his stated age. The retinal arteries were moderately sclerotic. The heart 
was normal in size; the sounds were distant, muffled and of poor quality over the 
base. Normal sinus rhjdhm was present, with a rate of 80 per minute. The first 
apical sound was equal to the second, and the second pulmonic sound was greater 
than the second aortic sound. The blood pressure was 108 systolic and 88 diastolic, 
and after a functional test the pulse rate remained elevated. Roentgen examina- 
tion revealed diminished movements of the left lower border of the heart. An 
electrocardiogram revealed a normal sinus rhythm, ventricular extrasystoles, right 
axis deviation, changes indicative of mj'ocardial damage and possibly residual signs 
of an atypical coronary closure. 

Comment . — This patient was in good clinical health until the chest 
was traumatized. Immediately, he displayed signs and symptoms of 
insufficiency of the coronary circulation which were progressive and 
became so bad in three days that work was discontinued. Serial electro- 
cardiograms failed to reveal the progressive changes usually associated 
with fresh myocardial lesions. If the past history is true, then this injury 
immediately changed the clinical status of this man. 

Case 8. — A. J., a 64 year old druggist, was struck bj' an automobile while he 
was crossing the street. He was admitted to the Flower and Fifth Avenue Hos- 
pitals in shock, unconscious and cyanotic, with a slow pulse. Roentgenograms 
showed fractures of the fourth, fifth, sixth, seventh and eighth ribs on the left 
side ; multiple fractures of the pelvis, and a left hemothorax. He gradually recov- 
ered from the shock but continued to complain of severe pain in the chest and 
other parts of the body. Five days later, after a bowel movement, he suddenly 
became dyspneic and cyanotic and exhibited all the signs of shock and collapse. 
The past histor}'- was normal. 

This man was seen seven days after the accident and presented essentially 
the same picture as just described. The heart was slightly enlarged, and the 
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sounds were of poor quality. The first apical sound was less intense than the 
second and the second pulmonic sound was greater than the second aortic sound. 
Normal sinus rhythm was present, with a rate of 65 per minute, and the blood 
pressure was 155 systolic and 55 diastolic. There was some fluid in the left pleural 
cavity. Serial electrocardiograms revealed changes suggestive of an acute type 
of heart damage. He made an uneventful recovery, but the fractures precluded 
any clinical evaluation of cardiac function. 

Comment . — This patient was in good clinical health until he sustained 
a rather severe type of injury. It is interesting to note that on admis- 
sion, in spite of the shock, the patient’s pulse was rather slow. This 
phenomenon has been noted in some experimental animals.^® The care 
of the fractures dominated the clinical picture, and it was not until the 
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Fig. 3. — Electrocardiograms made in 7 cases of nonpenetrating injury of the 
chest. 


patient had a complete cardiac collapse that investigation revealed signs 
of acute heart damage. This acute condition may have represented a 
pulmonary embolus or a spontaneous coronary occlusion, but subse- 
quently the classic picture of either of these two conditions did not 
develop. The extensive type of chest injury suggested a traumatic factor 
in the cardiac picture. 

Case 9.— P. K., a 62 year old porter, stated that while backing a load of wood, 
he lost his balance and fell, striking the left side of the chest sharply against the 
handle of the truck. In addition, he hurt his hip, leg and scrotum. He immediately 
felt sharp pains around the heart and was unable to breathe properly. He was given 

10. Moritz, A. R., and Atkins, J. P. : Cardiac Contusions : An Experimental 
and Physiologic Stud}’-, Arch. Path. 25:445 (April) 1938. 
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local treatment, but the sj^mptoms, particularly the shortness of breath, became 
so bad that he was put to bed for six weeks. He then returned to do light work, 
but the dyspnea, precordial pains and weakness persisted. These symptoms were 
progressive, and the patient finally collapsed with severe cardiac pains, vomiting 
and shortness of breath about two months later. Since then he has remained at 
home and has been unable to work because of these symptoms. The roentgenogram 
showed a fracture of the ribs on the left side. In addition, there was a traumatic 
hydrocele of the right testicle. Before the accident he had been in good health 
and was able to do hard physical work, without any limitations. 

This man was examined about three j^ears after the original accident and still 
complained of exertional dyspnea, cardiac pains and swelling of the right testicle. 
The retinal arteries showed moderate arteriosclerosis. There was a hydrocele 
of tlie right testicle. The heart was enlarged, and the aorta was somewhat 
dilated. The heart sounds were of fair quality but lacked snap; the first apical 
sound was louder than the second, and the second aortic sound was greater than 
the second pulmonic sound. There was a short systolic murmur at the apex. The 
blood pressure was 122 systolic and 70 diastolic, and a few rales were present 
over the bases of both lungs. A simple bending exercise produced air hunger. 
The electrocardiogram revealed a normal sinus rh 3 'thm, left axis deviation, changes 
indicative of myocardial damage and possible residual signs of posterior coronary 
thrombosis. There was rather extensive limitation of cardiac efficiency. 

Comment . — This patient was in good clinical health until he sustained 
a rather severe direct nonpenetrating injury of the chest. He imme- 
diately displayed signs and symptoms which persisted and finally 
culminated in complete cardiac collapse. 

Case 10. — C. K., a 54 year old truck driver, stated that while he was waiting 
for a red traffic light to change, the rear of his truck was hit by another car, 
and his chest was violently thrown forward against the steering wheel. At the 
same moment his right foot, which was on the foot brake, was violently pushed 
upward and caused a compression of the leg on the abdomen. He was immediately 
aware of severe pains in the abdomen, heart and head. These S 3 'mptoms and 
exertional dyspnea persisted and gradual^ became worse. Two weeks later, 
while carrying a heavy object up three flights of stairs, he suddenly collapsed 
with severe cardiac pain, nausea, vomiting, weakness and dyspnea. He was put 
to bed and presented the clinical picture of a complete cardiac breakdown, with 
edema of the ankles. The past history indicated no difficulty in doing hard work 
for the preceding twelve years. 

This man was seen about a 3 "ear and a half later, at which time he com- 
plained of precordial pain radiating to the shoulder, dyspnea, dizzy spells, weakness 
and a lump in the stomach. The eyegrounds showed arteriosclerosis (1 plus). 
The chest was barrel shaped. The heart was moderately enlarged. The aorta 
was somewhat dilated, and the left cardiac margin showed diminished movements. 
The heart sounds were of poor quality, were muffled and lacked snap. The first 
apical sound was less intense than the second, and the second aortic sound was equal 
to the second pulmonic sound. Normal sinus rhythm was present, with a rate 
of 80 per minute. The blood pressure was 118 systolic and 90 diastolic. The 
liver was enlarged and tender. After a simple bending exercise the patient showed 
obvious air hunger. The electrocardiogram revealed a normal sinus rhythm, left 
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axis deviation, changes indicative of myocardial damage, coronary occlusion of 
the posterior type and changes due to digitalis therapy. There ■ was marked 
curtailment of cardiac function. 

Coviment . — This patient was in good clinical health until he sustained 
a direct nonpenetrating injury of the chest. Immediately signs and 
s3TOptoms developed which persisted and ended in the subsequent 
collapse. 

Case 11. — J. M. R., a 55 year old salesman, stated that the car he was driving 
skidded and struck an elevator pillar. His chest was forcibly • crushed against 
the steering wheel. He was immediate!}' aware of precordial pains, weakness and 
some difficulty in breathing. After being allowed out of bed he noticed excessive 
shortness of breath and exertional distress. Before the injury there had been 
similar symptoms but evidently not severe enough to interfere with his work. 

This patient was seen about four months after the injury, with the same com- 
plaints. The eyegrounds showed some arteriosclerosis. The aorta was somewhat 
dilated and elongated. The heart was moderately enlarged to the left. The heart 
sounds were of poor quality and lacked the characteristic normal snap. The first 
apical sound was equal to the second, and the second pulmonic sound was equal to 
the second aortic sound. The blood pressure was 168 systolic and 104 diastolic. 
The electrocardiographic diagnosis was normal sinus rhythm, changes indicative 
of myocardial damage, left axis deviation and possible residual signs of posterior 
coronary occlusion. 

Comment . — There was some disability before the accident due to the 
coronary sclerosis but not enough to keep the patient from working. 
After a direct nonpenetrating injury of the chest signs and symptoms 
developed which ultimately led to complete disability. 

Case 12. — L. K., a 60 year old plumber, fell from the top of a ladder and struck 
his chest rather sharply against the ground. He immediately felt weak, had a 
desire to vomit and experienced difficulty in breathing. He rested for a while and 
then attempted to work. In addition to the symptoms just mentioned, he noticed 
a pressing sensation in the pit of the stomach and under the breast bone. These 
symptoms continued, gradually becoming worse, and about a month later, while 
carrying his bag of tools, weighing 65 to 75 iKDunds (30 to 34 Kg.) up four flights 
of stairs, he collapsed with severe pains in the chest, weakness and dizziness. The 
past historj' was normal. 

This man was first seen about six months after the accident, with essentially 
the same complaints. The heart was slightly enlarged ; the heart sounds were of 
poor qualit}'; the first apical sound was equal to the second, and the second aortic 
sound was equal to the second pulmonic sound. The blood pressure was 130 
systolic and 85 diastolic. The electrocardiogram revealed normal sinus rhythm, 
first degree heart block and changes indicative of m 3 'Ocardial damage. 

Comment . — This patient was in good clinical health until he sustained 
a direct nonpenetrating injury of the chest. Cardiac symptoms then 
developed which were progressive and culminated in complete collapse. 
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Case 13. — A. K., a 46 3 "ear old manager of a bakery shop, slipped and fell down 
a flight of stairs, striking the lower portion of his chest and back on the left side. 
He immediately felt pain in the chest, rapid heart action, weakness and dizziness. 
These symptoms persisted, and a few hours later, the patient began to vomit 
and the pains returned in a severe form. A diagnosis of coronary occlusion was 
made. Before the accident the patient had been doing hard physical work without 
any difficulty. 

This man was first seen four months later, complaining of exertional pain and 
dypsnea, rapid heart action and spells of dizziness and weakness. The eyegrounds 
showed moderate arteriosclerosis. The heart was moderately enlarged, and the 
sounds were of a fair quality. The first apical sound was equal to the second, 
and the second pulmonic sound was equal to the second aortic sound. There 
was a systolic murmur at the apex. The blood pressure was 152 systolic and 
116 diastolic. The electrocardiogram showed normal sinus rhythm, left axis devia- 
tion, changes suggestive of myocardial damage and residual signs of coronary 
occlusion of the nonclassified t 3 'pe. There was moderate curtailment of cardiac 
efficiency. 

Comment . — This patient was in good clinical health until he sustained 
a nonpenetrating injury of the chest. Immediately he exhibited signs 
and symptoms of acute insufficiency of the coronary artery circulation. 

Case 14.' — A. K., a 65 year old janitress, tripped over a floor mop and fell, 
striking the head, face and front of the chest. She immediately felt sharp pain 
in the chest and seemed unable to breathe. Her subsequent complaints were 
exertional dyspnea and cardiac pains, weakness and edema of the ankles. Though 
she stated her past history was normal, testimony indicated she had preexistent 
angina pectoris ; however, there was no doubt about the accident. 

This woman was seen four months later with the same complaints. The e 3 'e- 
grounds were mildly sclerotic. The heart was enlarged. The heart sounds were 
of fair quality, though lacking in snap. The first apical sound was louder than 
the second, and the second aortic sound was equal to the second pulmonic sound. 
There was a soft systolic murmur at the apex. The blood pressure was 130 
S 3 rstolic and 70 diastolic. There was slight congestion at the bases of both lungs. 
After a simple bending exercise there was obvious air hunger. The electrocardio- 
gram showed left axis deviation, normal sinus rhythm, changes indicative of 
myocardial damage and residual signs of posterior coronary occlusion. 

Comment . — This case illustrates the importance of the past history. 
The patient evidently had antecedent angina pectoris with clinical symp- 
toms. Without an accurate history the whole cardiac picture would have 
been attributed to the fall, whereas this injury only aggravated her 
previous condition. 

Case 15. — A. W., a 61 3 "ear old painter, fell from the top of a ladder, a distance 
of 6 feet (183 cm.) and struck the chest and bod 3 r and fractured the right os calcis. 
He immediateh’^ felt pains in the foot and over the heart. While in bed, he com- 
plained of cardiac pains, dizz 3 ’- spells and weakness. When he resumed his 
activities, he noted a persistent shortness of breath which had not been present 
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before. On returning from the first visit to his physician, it was necessary for 
him to climb four flights of stairs on crutches. This started a great deal of 
cardiac pain, dyspnea, dizziness and weakness, and a diagnosis of coronary 
occlusion was made. The past history indicated ability to do hard physical work 
without any difficulty. 

This patient was first seen three months after the accident, with essentially 
the same complaints. The retinal arteries showed some sclerosis. The heart was 
slightly enlarged; the lower left margin showed decreased movements, and the 
aorta was somewhat dilated. The heart sounds were of poor quality ; the first 
apical sound was louder than the second, and the second aortic sound was greater 
than the second pulmonic sound. Normal sinus rhythm was present, with a rate 
of 80 per minute. The blood pressure was 112 systolic and 80 diastolic. The 
electrocardiographic diagnosis was normal sinus rhythm, left axis deviation, myo- 
cardial damage and possible residual signs of posterior coronary occlusion. There 
was marked curtailment of cardiac efficiency. 

Comment . — This patient was in good clinical health until he sustained 
a direct nonpenetrating injury of the chest. Cardiac symptoms then 
developed, and after the unusual exertion of climbing four flights of steps 
on crutches for the first time, he sustained an acute coronary occlusion. 
In this patient there is a combination of a direct and an indirect trauma. 
It is possible that the former produced little damage and that the latter 
was mainly responsible for the clinical picture which followed. 

Case 16. — M. G., a 48 year old store clerk, stated that he slipped and fell on a 
flight of stairs, striking the front of the chest rather sharply. The injured part 
felt bruised, but no shortness of breath, weakness, etc., were noted at the time. 
He continued working for five hours without any difficulty. That same night he 
was awakened from a sound sleep (twelve to fourteen hours after the injury) by 
sharp, squeezing precordial pains. He was kept in bed the following day ; the 
symptoms subsided, and he then returned to work. This time he engaged in his 
regular occupation for twelve hours without noticing any unusual symptoms, but 
that same night after having fallen asleep he was awakened by severe substernal 
pains, nausea, vomiting, weakness, rapid heart action and dyspnea. A diagnosis 
of acute coronary occlusion was made. He gave a past history which did not 
include any previous cardiac complaints and stated that he had been able to do 
hard work without any difficulty. However, his physician gave a history of a 
similar attack of angina, vomiting, weakness and change in blood pressure occurring 
about eight months before the present illness. 

This patient was seen six days after the accident and complained of the same 
symptoms just noted. The eyegrounds were sclerotic. The heart was boot shaped 
and moderately enlarged to the left; the aorta was dilated and elongated. Normal 
sinus rhythm was present, with a rate of 75 per minute. The sounds were of 
poor quality and muffled; the first apical sound was less intense than the second, 
and the second pulmonic sound was greater than the second aortic sound. The 
blood pressure was 120 systolic and 80 diastolic (at the time of the first attack 
it had been 230 systolic and 120 diastolic). During this examination, rather strong 
pressure over the precordium with the stethoscope failed to elicit any complaints 
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of pain and no external signs of injury were present. The electrocardiographic 
diagnosis was normal sinus rhythm, left axis deviation, myocardial damage and 
acute coronary thrombosis of a posterior type. 

Comment . — This case was particularly instructive. If the physician’s 
account of the patient’s history is accepted, during the first night after 
injury the patient had a severe attack of angina, from which he recovered, 
and two nights later a coronary occlusion developed, both on the basis 
of hypertensive arteriosclerotic heart disease. With this history in mind 
one may doubt that the patient even had a fall, inasmuch as this was 
not reported to any one at the time of its occurrence and may have been 
a thought in retrospect. 

On the other hand, if the patient’s history is accepted, it will be 
noted that no cardiac symptoms appeared until many hours after the 
injury. The complete breakdown occurred forty-eight hours later while 
the patient was asleep and after he had worked twelve hours without 
any difficulty. In the experimental reports signs and symptoms appeared 
and persisted after the trauma. In the presence of a hemopericardium 
it is possible that some symptoms would appear, but the total breakdown 
would be delayed. A contusion of the myocardium would produce 
functional disturbances at once and not after a delay of forty-eight hours 
or longer. In this case the injury, if it did occur, was only incidental. 

Case 17. — R. F., a 49 year old laborer, fell from an 8 foot (244 cm.) ladder, 
striking his head, the lower part of the back and the chest. One of the lumbar 
vertebrae was fractured, and a cast was applied. At this time and subsequently 
he complained of local pains. Eight months later he suddenly fainted and remained 
unconscious for five hours. Since then there have • been shortness of breath, 
swelling of the ankles, rapid heart action, precordial pain and weakness. The 
past history was essentially normal. 

This man was seen about nine months after the accident, complaining of the 
symptoms just mentioned. The heart was enlarged. The sounds were of poor 
quality and seemed somewhat distant. Auricular fibrillation was present but 
without any murmurs. The ventricular rate was 90 per minute, with a pulse deficit 
of 30. The blood pressure was 110 systolic and 80 diastolic. The electro- 
cardiographic diagnosis was auricular fibrillation, myocardial damage and changes 
due to digitalis therapy, with a slow ventricular rate. 

Comment . — This case was included because a claim was made for 
the cardiac disability on a traumatic basis. The patient evidently suf- 
fered an acute coronary occlusion about eight months after the accident. 
In Anew of clinical and experimental experience this could in no Avay 
haA'e been related to the original injury because of the time interval. 
Here again an accurate history Avas important. 

Case 18. — S. B., a 33 year old florist, slipped on a wet floor and fell, striking 
the front of the chest sharply against the edge of an ice box. He Avas immediately 
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aware of sharp cardiac pains, difficultj’’ in breathing and extreme weakness. The 
left leg was bruised against a pail on the floor. Within six hours the thoracic 
pains became so bad that he was put to bed by his physician. At this time there 
were signs of external injuries, such as discolorations and small abrasions. After 
several weeks the symptoms subsided. The past history was normal. 

He was seen three weeks later, complaining of slight cardiac pains. The heart 
was normal in size, position and movements. The heart sounds were of good 
quality ; the blood pressure was 110 systolic and 70 diastolic, and the lower end 
of the sternum was tender on pressure. The electrocardiographic diagnosis was 
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Fig. 4, — Electrocardiograms made in a case of nonpenetrating injury of the 
chest. 

normal sinus rh 3 ^thm, absence of axis deviation and acute mj^ocardial damage in 
an area supplied by the anterior coronary artery. This was confirmed by serial 
tracings. 

Comment . — This man exhibited acute electrocardiographic changes 
after a chest injur}-. This case illustrates the importance of electro- 
cardiographic study in all instances of trauma to the chest. The func- 
tional recovery was complete several months later. This case is not 
included in the section headed “Comment.” 
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COMMENT 

Incidence . — No accurate statistics are available as to the frequency 
of nonfatal cardiac damage after nonpenetrating injuries of the chest. 
The numerous current reports indicate that this is not a clinical rarity 
and that the condition will probably be recognized more often in the 
future. 

Se.v . — All except 1 of the patients were males. This predominance 
is probably due to the more strenuous physical tasks performed by 
men in industry. 

Age . — Only 2 patients were under 40 years of age, and the rest 
were evenly distributed among the fourth, the fifth and the sixth decade. 
Young and old persons alike are subject to this type of injury, but in 
the latter an underlying quiescent process may complicate the resulting 
picture. 

Occupation . — The actual nature of the work was not as important 
as the kind of accident. In the whole group of cases the injuries were 
evenl}' divided between the light and the heavy industries. 

Trauma . — The injur)’- was considered an important etiologic factor 
in the first 15 cases and only as incidental in the last 2 (cases 16 and 17). 
The offending force varied as to quality, quantity and point of application. 

The chest was injured by heavy objects in 34 per cent of cases 
(1, 2, 3, 4 and 9) ; by striking a hard surface, as in falling, in 40 per 
cent of cases (6, 7, 12, 13, 14 and 15), and by automobile accidents in 
the remaining 26 per cent of cases (5, 8, 10 and 11). In this last group, 
the injury was caused by impact with a steering wheel in 3 cases and 
in 1 case the patient was struck by a car. 

The anterior part of the thorax on the left side was the point of 
application in 10 cases and the left side and the back of the thorax in 
5 cases. These figures are the same as those in current reports in the 
literature. 

A rough division indicated that the offending force was moderate 
in 9 cases, rather severe in 5 cases and mild in 1 case. 

External signs of injur}'^ were present in 60 per cent of cases (2, 4, 
5, 6, 7, 8, 9, 10 and 11) and absent in 40 per cent of cases (1, 3, 12, 
13, 14 and 15). These figures are in accord with the present consensus 
that the absence of such signs does not preclude cardiac damage. 

Mechanism oj Trauma . — Penetrating injuries of the heart were 
recognized and considered invariably fatal for many centuries, until an 
increasing number of survivals evolved a syndrome which could be 
recognized and treated successfully. A nonpenetrating lesion does not 
enjoy the same clearcut recognition, and even its very existence is 
doubted. 
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Clinical reports, laboratory data^- and the files of the medical 
examiner of any large city offer ample proof that fatal and nonfatal 
cardiac damage may result after this type of injury. Postmortem exami- 
nation of persons killed in automobile accidents often reveals incidental 
acute cardiac lesions which were not responsible for death,^® In many 
survival experiments the animals used as subjects showed objective 
traumatic lesions. In case 6 autopsy revealed a lesion of the left ventricle, 
the nature of which suggested a traumatic origin. 

During this t3'pe of injury the heart may be violently thrown 
against the bony parts ; actually be compressed ; be torn from its attach- 
ments; have its chambers burst open; be jarred, as in falling; have the 
blood forced back into the ventricles or prevented from leaving by 
compression, thus increasing intracardiac pressure, or be bruised by 
fractured bones pressing against its surface. In any given case one or 
all of these factors may operate. 

The resulting damage is a combination of structural and functional 
changes, which do not necessarily parallel each other. In the animal 
laboratory death was not always associated with extensive lesions, 
whereas in the survival experiments moderate and even extensive lesions 
were apparent, with little dysfunction. The most, common findings were 
single or multiple lacerations, contusions, hemorrhages and ruptures, of 
one or all of the layers of the lieart.^® The subsequent healing took 
place by fibrosis and scarring. Occasionally acute dilatation was seen. 
The role of reflex coronary spasm was important in explaining the diffuse 
and disseminated pathologic and physiologic changes which sometimes 
followed a single blow. Moritz and Atkins stressed the similarity of 
the changes occurring after experimental trauma and after coronary 
occlusion. 

In the laboratory numerous types of arrhythmia followed artificial 
trauma. In this group of cases fibrillation developed only in case 6. 

11. (a) White, P. D., and Glendy, R. E., in Brahdy, L., and Kahn, S.: Trauma 
and Disease, Philadelphia, Lea & Febiger, 1937, p. 59. (&) Bright and Beck.** 
(c) Warburg.^ 

12. Schlomka, G. : Experimentelle Untersuchungen xiber den Einfluss stumpfer 
Brustkorbtraumen auf das Herz, Ztschr. f. d. ges. exper. Med. 93:751, 1934. 
Kulbs, F. : Experimentelle Untersuchungen uber Hertz und Trauma, Mitt. a. d. 
Grenzgeb. d. Med. u. Chir. 19:678, 1939. Kulbs, F., and Strauss, L. H. : Herz 
und Trauma; Weitere experimentelle Untersuchungen, Klin. Wchnschr. 11:1572, 
1932. Kissane, R. ; Fidler, R. S., and Korns, R. A. : Electrocardiographic Changes 
Following External Chest Injurj' to Dogs, Ann. Int. Med. 2:907, 1937. Bright 
and Beck.® Moritz and Atkins.^® 

13. Barber, H. : Contusion of the Myocardium, Brit. M. J. 2:520, 1940. 
Leinoff.'^ 
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This change must be accepted with reservations, since in this case there 
was antecedent mitral stenosis. In case 8 there was an immediate slow 
pulse, in spite of all the outward signs of shock. 

Those animals which died after experimental trauma invariably- 
showed a marked curtailment of function immediately after the applica- 
tiod of the offending force. This same change was observed to a greater 
or less degree at the bedside. 

Clinical Considerations . — In this type of chest injury the heart 
may or may not be damaged. Minor lesions probably escape clinical 
detection because this condition is not suspected and proper diagnostic 
measures, such as serial electrocardiograms, are not taken. 

The composite picture in this study closely resembled acute coronary 
occlusion with infarction. This is not surprising when it is realized 
that in both conditions the findings depend on acute myocardial changes. 
Signs and symptoms usually developed after the injur)’-, just as after 
experimental trauma. The most common symptoms were pain, respira- 
tory di-fficulty, rapid heart action, dizziness, unconsciousness and weak- 
ness. In case 5 these s3TOptoms gradually subsided, but in most of 
the other cases they persisted, gradually became worse and usually 
ended in the clinical picture of shock and cardiovascular collapse. The 
objective findings were poor heart sounds; disturbances of rate and 
rhythm; normal blood pressure; the presence of a systolic murmur, 
perhaps due to a mild dilatation of the left ventricle, and electrocardio- 
graphic changes. It is possible that many of the changes observed in 
animals would be noted in patients if this condition was recognized early 
enough. These signs are dilatation, a falling arterial and a rising venous 
pressure, tick-tick rhythm, poor heart sounds, disturbances of conduction 
and rhythm, ventricular fibrillation, etc.® The acute picture may be 
further complicated by lacerations of the heart and its coverings, a 
hemopericardium and underlying quiescent processes, such as arterio- 
sclerosis. The last-named factor was present to some degree in 
practically all cases. 

After the acute phase the signs and symptoms depend on the amount 
of residual damage, the degree of healing and the efficiency of the reestab- 
lished circulation. Thus it can be seen that the picture is essentially the 
same as that in coronar)'- occlusion and can be differentiated only by 
means of the history (cases 16 and 17). In cases 11 and 14 the injury 
probably produced only a symptomatic aggravation of a preexisting 
disease. 

The history, which is a word picture of events before, during and 
after a given incident, is the most important single factor in any con- 
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sideration of trauma and subsequent disability. The objective changes 
caused by an injui-y may be the same as ones caused by other factors, 
and only the history will enable an obseiwer to formulate an opinion as 
to causal relation. If the histories in this study were changed to exclude 
injuries, then an entirely different problem would be presented. This 
cannot be stressed too strongly. The history can reveal the previous 
cardiac health, the type of accident, the presenting and the bridging 
symptoms, the time and the character of the cardiac collapse, the amount 
of healing and the functional capacity of the injured organ. It is needless 
to emphasize that at present there are no objective measurements of pain, 
the most common cardiac disabling S 3 unptom, which can be judged only 
from the patient’s story. 

The courts should realize the importance of the history and accept 
all testimony which may aid in obtaining a true recital of events. The 
first recorded history is usualty unbiased and contains all the facts and 
therefore should be given the most weight and consideration, since the 
needs of the moment and not future benefits were uppermost in the 
patient’s mind at the time the history was given. Subsequent changes 
in the original story should be accepted with reservations. In the presence 
of conflicting medical histories lay witnesses should be used to determine 
just what happened. These histories are occasionally changed through 
unethical guidance in order to obtain benefits. This practice could easily 
be discouraged if the courts would accept the first history unless unusual 
circumstances prevented a recital of the facts. Since the question of 
causal relation hinges on the history, every effort should be made to 
obtain the truth. 

Electrocardiographic Considerations . — The basic lesion is acute 
cardiac damage, and therefore serial electrocardiograms should show 
changes immediately after the injury. Such a lesion is not constant and 
A^aries as to location, thus producing different kinds of electrocardio- 
graphic tracings. The electrocardiographic diagnosis varied in each case, 
suggesting pericardial or myocardial damage. The electrocardiographic 
changes in cases of myocardial injury at times were similar to those 
characteristic of typical and atypical acute coronary occlusion. 

Disability . — The question of cardiac function in workers is important. 
Those with a moderate degree of cardiac damage probably recover 
without any impairment of function (case 5). However, in most of the 
cases reported here the patients showed a residual disability which 
varied from total to partial loss of efficiency. Disability is an individual 
problem and depends on the amount of damage, the degree of healing, 
the amount of recovery and probably the presence of any underlying 
pathologic condition. 
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CONCLUSIONS 

1. Direct nonpenetrating injury of the chest can produce nonfatal 
disabling heart damage. 

2. The resulting disability is due to a combination of structural 
and functional changes. 

3. The clinical picture is that of an acute pathologic condition of the 
heart and closely resembles that of coronary occlusion, from which it is 
differentiated by the history. 

4. The histor}’’ is the most important single factor in determining 
causal relation and the subsequent degree of disability. 

5. The electrocardiographic studies are important and usually show 
changes associated with acute lesions. 

6. This clinical syndrome should be considered in the presence of 
any injury of the chest. 


1100 Park Avenue. 



STENOSIS OF THE INFUNDIBULUM 
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Although stenosis of the pulmonaiy tract with transposition is one of 
the most common anomalies encountered in the heart, isolated stenosis 
of the lower bulbar orifice without transposition is relatively rare. We 
were able to stud}^ clinically over an extended period a patient who on 
postmortem examination presented this type of anomaly. 

REPORT OF A CASE 

Clinical Observations . — This woman was first seen by one of us (S. S.) in 
1929 at the age of 25. She gave a history of heart disease since birth. She came 
to inquire as to the advisability of becoming pregnant. Her symptoms were slight 
dyspnea on exertion for years, moderate swelling of the ankles periodically and 
easy tiring. She had never been incapacitated because of these complaints. She 
had had typhoid fever in 1910 and scarlet fever with nephritis in 1916. 

Examination in 1929 revealed nothing abnormal except the cardiac condition. 
On percussion the transverse diameter of the heart was normal. There was dulness, 
however, 7 cm. to the left of the midsternal line in the second interspace. In 
the same region were a marked systolic thrill, which was transmitted laterally 
and slightly upward, and a loud, rough, systolic murmur, transmitted over the 
entire precordium and back. There was no cyanosis or clubbing of the fingers. 
The arterial blood pressure was 128 mm. of mercury systolic and 80 mm. diastolic. 
Roentgen examination revealed the transverse diameter of the heart to be 13 cm., 
as compared to a transverse chest diameter of 27.5 cm. An electrocardiogram 
revealed an inverted P wave in lead III (fig. 1). Urinalysis showed nothing 
abnormal. 

The diagnosis at this time was congenital heart disease with patent ductus 
arteriosus or interventricular septal defect. The patient was told that there was 
no danger if she became pregnant, and she did so within the year. 

Her pregnancy was uneventful, as was her subsequent course (with the excep- 
tion of an attack of “flu” in 1933 and intermittent headaches) up to May 1938. 
At that time she noticed fiery red spots on her legs, which faded slowly. In July 
she began to have chills and a fever, her temperature ranging from 100 to 102 F. 
These symptoms were accompanied by a feeling of malaise and general aches and 
pains, as well as some joint pains. In August pains appeared in the chest on the 
left side, unaccompanied by cough or expectoration. At this time the patient 
entered the hospital. 

This investigation was aided by a grant from the Otto Baer Fund. 

From the Departments of Pathology and Medicine, Michael Reese Hospital. 
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On admission the cardiac findings were the same as in previous years except 
that the heart was enlarged to the left and the second heart sound was almost 
inaudible at the base of the left lung. Petechiae were present in the skin of 
the legs. There were signs of an infarct in the upper lobe of the left lung pos- 
teriorly. The liver was palpable 3 fingerbreadths below the costal margin. The 



Fig. 1. — Electrocardiogram made on Dec. 17, 1929 (about ten years before 
death). The only possible abnormality is the inverted P wave in lead HI. 



Fig. 2. — Teleoroentgenogram made on Aug. 29, 1938 (about one-half year before 
death). The heart is enlarged; the right border is accentuated, and the left lower 
pulmonary field is somewhat clouded. 

arterial blood pressure was 116 mm. of mercury systolic and 74 mm. diastolic. 
The erj'throcyte count on admission was 4,700,000 per cubic millimeter, which 
progressively decreased to 3,900,000. The hemoglobin was 80 to 70 per cent. 
The leukocyte count increased from 8,200 to 15,000 per cubic millimeter, with 
60 per cent polymorphonuclear leukocjTes. Blood cultures were repeatedlj' 
positive for Streptococcus viridans. The urine showed occasional red and white 
blood corpuscles. A roentgenogram taken August 29 (fig. 2) revealed an enlarged 
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heart with a prominent right auricle and a probable pulmonar}- infarct in the lower 
lobe of the left lung. 

The diagnosis at that time was subacute bacterial endocarditis (Str. viridans) 
engrafted on a congenital cardiac lesion, probablj' a patent ductus arteriosus. 

During tlie first week of the patient’s staj' in the hospital a septic temperature 
was sustained. The temperature then leveled oft for two weeks, only to assume 
again a febrile, although not typically septic, course, with temperatures ranging 
between 99 and lOl F. Two weeks after admission sulfanilamide therapy was 
started. An adequate concentration of sulfanilamide in the blood was reached 
and was maintained for ten days, but the temperature remained elevated and the blood 
culture positive for Str. viridans. Sodium cacodylate therapy also failed to influence 
the course of tlic disease. On September 24 another small pulmonary infarct 
occurred, and on October 2 the presence of a small cerebral embolus was suspected. 

The patient left the hospital on October 15 in fairly good condition with a low 
grade fever and remained at home in bed. Her course was gradually downhill. 
From time to time the urine showed ciythrocytes and leukocj'tes. In April 1939 
these became much more numerous. At this time slie became nauseated and vomited 
and became dyspneic and somewhat stuporous. 

She reentered the hospital on !May 15. At this time numerous petechiae were 
present. The eyelids w'ere puffy. The cardiac findings were the same as previously 
except that now for the first time a soft, blowing diastolic murmur was heard 
along the left border of the sternum in the second and the third interspace. The 
liver extended 4 fingerbreadths below the costal margin on deep inspiration. 
The spleen was distinctly palpable. There were marked generalized redness, 
especially over the legs and thighs, and generalized peripheral edema. The urine 
contained albumin (3 plus), many leukocytes and erythrocytes and an occasional 
cast. The arterial blood pressure was IIS mm. of mercury systolic and 60 mm. 
diastolic. The nonprotein nitrogen content of the blood on admission was 82 
mg. per hundred cubic centimeters, 118 mg. on May 20 and 120 mg. on Llay 24, 
with a creatinine content of 5.4 mg. per hundred cubic centimeters. On !May 24 
and 25 the patient experienced convulsi\''e seizures involving the right side of 
the face and the right e.xtrcmities. with loss of consciousness. On I^Iay 26 she 
died suddenly. 

The diagnosis at this time, in addition to the previous diagnosis, was nephritis 
(focal or diffuse) secondarj' to bacterial endocarditis. Because of the appearance 
of a diastolic murmur, the congenital lesion was thought to be a patent ductus 
arteriosus. 

Postmortem Examination . — Aside from the condition in the heart, the pathologic 
diagnosis included (1) subacute splenic hyperplasia; (2) chronic passive hyperemia 
of the lungs, liver, spleen and kidneys; (3) bilateral hydrothorax, ascites and 
peripheral edema and (4) acute glomerulonephritis superimposed on a subacute 
diffuse form of this disorder. 

The heart was enlarged, weighing 450 Gm. The arterial trunks emerged in 
their normal positions. The conus of the right ventricle was bulging and was 
distinctly demarcated from the right ventricle proper. Its lower portion formed 
an aneurysmal dilatation measuring 3 cm. in its greatest diameter. The epicardium 
"as dull, granular and covered with fibrin. 

auricle was dilated and its wall thickened, measuring 1.5 mm. in 
th. The foramen ovale was closed. The tricuspid orifice was dilated and 

ensured 11 cm. in circumference. The tricuspid valve was normally formed. 
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However, a firm band extended from the medial end of the anterior leaflet to ,the 
firm circular fibrous band to be described. This band had demobilized this portion 
of the leaflet. The posterior papillary muscle was large, and the anterolateral 
muscle was relatively small. The mural and the luminal aspects of the anterior 
leaflet were covered with luxuriant, reddish yellow, semifirm vegetations. Similar 
smaller and more discrete vegetations A\ere present on the luminal aspect of the 
medial and the inferior leaflet. Some of the chordae of the anterior leaflet were 
firm and fibrous 




Fig. 3 . — Aj right auricular and ventricular view. Note the vegetations on the 
tricuspid valve. B, right ventricular and infundibular view. The whole infun- 
dibulum is filled with vegetations It is separated from the sinus of the right 
ventricle by a fibromuscular band, which has been cut into. C, left ventricular 
view. Note that the pars membranacea is markedly thickened. Its inferior border 
is rolled up to form a systolic pocket. The triangular white rod extends into the 
defect in the pars membranacea. 


The right ventricle was divided into two separate chambers — a superior 
infundibular outlet portion leading into the pulmonary artery and an inferior mam 
inlet portion communicating with the tricuspid orifice. This division was pro- 
duced bv a firm fibrous band which extended from a point immediatel}^ below 
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the defect in the interventricular septum to be described, in a horizontal direction 
over the anterior wall of the left ventricle 1 cm. above the anterior leaflet of the 
tricuspid valve, then back to the septum 1 cm. above the muscle of Lancisi. The 
lumen produced by this ring measured 1 cm. in diameter. 

The lumen of the inferior right ventricular chamber was moderate in size. 
Its wall, however, was thickened, measuring 0.8 cm. in width. The trabeculae carneae 
in this chamber were markedly accentuated. The septal muscle bundle began in its 
usual anterolateral origin and ascended the interventricular septum obliquely to 
the fibrous ring. It passed behind this ring to continue its course in the superior 
right ventricular chamber. 

The superior infundibular right ventricular chamber was of moderate size. Its 
wall measured 3 mm. in thickness. The chamber was completely filled with luxuriant 
vegetations, which had produced the bulge seen externally in the region of the 
conus. These vegetations were closely adherent to the mural endocardium and to 
the fibrous ring, where they became continuous with those covering the mural 
aspect of the anterior tricuspid leaflet, and superiorly to both aspects of the pul- 
monic valve, extending into the pulmonary artery for a distance of 5 cm. A separate 
large vegetation lay lodged in the terminal portion of the right pulmonary 
artery. On removal of the vegetations the remainder of the topography of the 
muscle bundles of the right ventricle could be discerned. The septal muscle bundle 
terminated at the base of the septal cusp of the pulmonic valve. The parietal 
muscle bundle, however, was relatively short, joined the septal muscle bundle at 
the raphe at the base of the pulmonic valve and terminated interiorly after a 
2 cm. excursion in a well formed recess. The remainder of the anterior wall of 
the conus could not be well discerned because of the markedly thickened endo- 
cardium covered by adherent vegetations. 

The pulmonic valve and orifice were normal, and the two pulmonary arteries 
were given off normally. The ductus arteriosus was closed. 

The pulmonary veins and the left auricle were normal. The mitral orifice 
measured 7.5 cm. in circumference. There were several small, confluent, yellowish 
gray, granular excrescences at the line of juncture between the anterior and the 
inferior leaflet of the mitral valve, and several grayish white, smooth, well circum- 
scribed, thickened patches were occasionally encountered. 

The left ventricular wall measured 0.9 cm. in greatest tliickness. The left 
ventricular cavity was small in comparison to that of the right ventricle. The pars 
membranacea was thickened, grayish white and smooth. This thickened region 
extended upward to involve the right anterior aortic cusp, the posterior basal part 
of which showed a large, well circumscribed, firm, grayish white, smooth plaque. 
One millimeter from the base of the right anterior aortic cusp was a .defect in the 
pars membranacea measuring 1 mm. in diameter. From this defect protruded a 
grayish yellow, friable vegetation. 

The aortic orifice measured 5 cm. in diameter. The corpus arantii of each 
aortic cusp was the seat of a friable, j'ellowish gray, polypoid vegetation. The aorta 
was narrow throughout its course. The lining of the aorta was singularly free 
from plaques. The coronary vessels presented no abnormality. 

Microscopically, the myocardium showed marked granular and' fatty degenera- 
tion. The epicardium presented a thick, fibrinous layer containing clusters of round 
cells. The vegetations showed many bacteria. 

A culture of blood drawn post mortem revealed streptococci (the type could 
not be subcultured) and Bacillus coli. 



58 


ARCHIVES OF INTERNAL MEDICINE 


As far as the heart is concerned the diagnosis included the following conditions : 
1. Congenital malformation of the heart, with (a) stenosis of the lower infundibular 
ostium, (b) patent interventricular septum in the region of the pars membranacea 
and (c) hypertrophy of the right ventricle proximal to the infundibulum. 2. Acute 
vegetative endocarditis involving the infundibular portion of the right ventricle ; the 
pulmonic, tricuspid, mitral and aortic valves ; the main pulmonary artery, and the 
endocardium surrounding the opening in the interventricular septum. 3. Acute 
fibrinous pericarditis. 4. Embolic occlusion of the orifice of the right pulmonary 
artery by large vegetations and multiple embolic occlusions of the smaller radicles, 
with the formation of a mycotic aneurj-sm. 

Comment . — In retrospect, it is difficult to see how the diagnosis of 
the cardiac lesion could have been made. When the patient was first 
seen, ten years before death, a systolic murmur was heard at the base 
of the left lung. This could have been ascribed to a defect of the inter- 
ventricular septum, pulmonary stenosis or a patent ductils arteriosus, 
which may produce onl}'- a systolic murmur. In the absence of cyanosis 
and clubbing and in the absence of a diminution of the P wave in lead II, 
we did not think we were dealing with pulmonary stenosis. Therefore, 
in view of the type of murmur, the most likely diagnosis was an inter- 
ventricular septal defect. 

When the patient was seen ten years later, the P wave in lead II 
was distinctly diminished. In view of the fact that the patient then had 
subacute bacterial endocarditis and evidence of failure of the muscle on 
the right side of the heart, the diminution was considered to be due to 
the failure of this muscle. Thus, the diagnosis still was an interventric- 
ular septal defect. On the last admission the appearance of a diastolic 
murmur in the same region as the systolic murmur still further compli- 
cated the picture and made us veer toward the diagnosis of a patent 
ductus arteriosus. 

It is of interest that the patient toward the end of her illness showed 
signs of uremia. A clinical diagnosis of nephritis secondary to bacterial 
endocarditis was made, iro distinction being drawn between focal and 
dififuse glomerulonephritis. A diagnosis of diffuse glomerulonephritis 
might have been more exact, for focal glomerulonephritis (multiple 
glomerular embolization) is most often not .accompanied by an impair- 
ment of renal function. Only a few cases of marked glomerular emboliza- 
tion with resultant impairment of renal function have been reported 
(Bell 1) 

The sudden death of the patient was well explained at postmortem 
examination by the presence of the large vegetation blocking the right 
main pulmonary artery. 

There remains to be explained the diastolic murmur heard at the 
base of the left lung on the patient’s second admission. The pathologic 

1. Bell, E. T.: Am. J. Path. 8:639. 1932. 
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findings do not clearly account for this murmur. There was a thickening 
of the base and the body of the right anterior aortic leaflet, as well as 
vegetations on the valve. Whether this led to a mild aortic regurgitation 
cannot definitely be stated. It is also possible that terminally there might 
have been some pulmonary insufficiency due to the dilated pulmonary 
ring and the involvement of the valve by vegetations. 

Summary . — A 35 year old woman had congenital heart disease, sub- 
acute bacterial endocarditis and acute and subacute glomerulonephritis. 
The cardiac abnormality consisted of infundibular stenosis with a defect 
of the interventricular septum. The endocarditis probably began on the 
defect and spread to the conus. The patient died from the combined 
effects of heart failure, uremia and toxemia and, finally, from the 
lodging of a huge vegetative embolus in the right main pulmonary artery. 

ANATOMIC AND PATHOGENETIC CONSIDERATIONS 

From the anatomic standpoint there are various types of conus 
stenosis, dependent on the size of the infundibulum and the point of 
stenosis (Keith,^ Abbott^ and others). 1. In the least common type 
(occurring in 19 of 100 cases reported by Keith the conus is separated 
from the sinus of the right ventricle by a fibromuscular septum, resulting 
in two distinct chambers. The point of stenosis is thus at the lower 
bulbar orifice at the point of junction with the sinus of the right ventricle. 
About 60 cases of this anomaly have been reported in the literature. 

2. In a second group there is an arrest in development of the infundib- 
ulum. The infundibular cavity is small and communicates with the 
sinus of the right ventricle by a small ostium. This is a more common 
type than the first (occurring in 44 of 100 cases reported by Keith ^). 

3. In the third type there is an almost complete absence of the infundib- 
ulum. This is also relatively common. 

In almost all cases of the second or the third type of anomaly it is 
accompanied by transposition. When the stenosis is limited to the lower 
bulbar orifice, it is more commonly associated with transposition. In the 
few cases in which transposition does not occur, there is most frequently 
an accompanying defect or an aneurysm of the interventricular septum. 
Infundibular stenosis with closed fetal passages is rare. 

In the heart we have described it is apparent we are dealing with 
stenosis of the conus at the lower bulbar ostium with an interventricular 
septal defect, without transposition of the large arteries. 

2. Keith, A.: Lancet 2:359, 433 and 519, 1909. 

3. Abbott, M. E. : Congenital Cardiac Disease, in Osier, W., and McCrae, T. ; 
Modern Medicine, ed. 3, Philadelphia, Lea & Febiger, 1927, vol. 4, p. 612; in 
Nelson’s Loose Leaf Living Medicine, New York, Thomas Nelson & Sons 1937 
vol. 4, p. 207. 
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The various theories propounded as the cause of all types of conus 
stenosis do not fall within the scope of this report, (see Spitzer,^ Pern- 
kopf and Wirtinger,® and Lev and Saphir ®) . In the isolated type of 
conus stenosis (without transposition), we must assume that the move- 
ments of the heart during the absorption of the bulbus proceeded nor- 
mally. However, the incorporation of the pulmonic portion of the bulbus 
into the right ventricle was faulty. 

As in our case, most patients with conus stenosis survive to adult- 
hood. When the stenosis is part of a tetralogy, then the patients may 
die from heart failure. However, many patients with an anomaly of this 
type and most patients with the isolated type of stenosis die from bacterial 
endocarditis (Harrison,’' Eakin and Abbott® and Abbott®). The vege- 
tations are usually especially luxuriant, as in our case. This has been 
commented on by Abbott, Harrison and others. No reason has as yet 
been advanced for the great luxuriance of endocarditic vegetations on 
the right side of the heart. In 2 cases (1 reported by Clarke ® and ours), 
some of these vegetations broke off and produced large pulmonary 
emboli, blocking the main pulmonary arteries. 

SUMMARY 

A case of infundibular stenosis ' without transposition is presented 
from the clinical and the pathologic standpoint. The various types of 
infundibular stenosis are discussed, and the various theories concerning 
the pathogenesis of this anomaly are reviewed. 

Infundibular stenosis is most frequently part of a tetralog}^ of Fallot 
and as such represents the result of an abnormality both in the absorption 
of the bulbus and in its incorporation into the right ventricle. When 
stenosis is present without transposition, the absorption of the bulbus 
must have proceeded normally but its final incorporation into the right 
ventricle must have been faulty. 

104 South Michigan Boulevard, 
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RENAL FUNCTION IN DIABETES INSIPIDUS 
NAHUM J. WINER, M.D* 

BOSTON 

Diabetes insipidus and the mechanism of its underlying disturbance 
have long been a source of interest to investigators. During the last 
two to three decades a considerable literature has developed along various 
lines of approach, such as the central nervous system, the endocrine 
system, the body metabolism and the kidney. It is the last of these that 
is of particular interest, with specific regard to renal hemodynamics, 
water exchange and the relation of both to the pituitary. 

REVIEW OF LITERATURE 

These three aforementioned aspects of renal function, both in physio- 
logically normal persons and in patients with diabetes insipidus, can be 
resolved into several fundamental questions: 1. To what extent is the 
amount of urine excreted a function of (fl) renal blood flow or (b) 
glomerular filtration? 2. (a) What is the relation of the pituitary to 
urine output as regards both diuresis and antidiuresis? (b) Is the 
mechanism of its action renal or extrarenal? (c) If the mechanism is 
renal, to what extent do renal blood flow, glomerular filtration and 
tubular function play a role? 

U7-ine Output . — Relation of Amount of Urine Excreted to Renal 
Blood Flow ; With the Rein ^ thermostromuhr as a means of measuring 
renal blood flow, Janssen and Rein,- using decerebrate dogs, could find 
no relation between renal blood flow and urine output, while Samaan 
and Handovsky,^ using conscious dogs, found that after administration 

* Alice G. Sachs Fellow in Medicine. 

This study was aided by the fund for study of renal vascular disease. 

From the Medical Clinic of the Peter Bent Brigham Hospital and the Depart- 
ment of Medicine, Harvard Medical School. 

1. Rein, H. : Die Thermo-Stromuhr. Ein Verfahren zur fortlaufenden 
Alessung der mitleren absoluten Durchflussmengen in uneroffneten Gefassen in 
Situ, Ztschr. f. Biol. 87:394, 1927-1928. 

2. Janssen, S., and Rem, H. . Ueber die Zirkulation und IVarmebildung der 

Nierc unter Einfluss von Giften, Arch. f. e.xper. Path. u. Pharmakol 128-107 
1928. ■ ■ ’ 

3. (fl) Samaan, A. . The Effect of Pituitary (Posterior Lobe) Extract upon 

the Urinary Flow in Non- Anaesthetized Dogs, J. Physiol. 85:37, 1935. (b) 

Handovsky, H., and Samaan, A.: Effet des extraits posth 3 -poph 3 'saires sur le 

(Footnote continued on next tage) 
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of water an increase in the renal blood flow preceded an increase in urine 
output. Schmidt and Walker^ and Walker and associates® were in 
agreement with Janssen and Rein. Van Slyke, Rhoads, Hiller and 
Alving,® using the urea excretion method in dogs, and Chasis, Ranges, 
Goldring and Smith," using diodrast clearance as a measure of effective 
renal blood flow in normal human subjects, reported that no relation 
existed. 

Urine Output and Glomerular Filtration : The possibility that 
diuresis could be attributed to an altered rate of glomerular filtration 
was studied in dogs by means of creatinine clearance as a measure of 
glomerular filtration by Marshall,® Poulsson ° and Walker and asso- 
ciates,® while Chasis and co-workers ^ studied this question in human 
subjects by means of inulin clearance. No relation between urine output 
and glomerular filtration rate could be detected by these observers. This 
is in contrast to the results of Kaplan and Smith,^° who reported a cor- 
responding change in urine output and glomerular filtration rate in 
rabbits. In conclusion, it is apparent that the predominance of opinion 
does not favor a relation between either renal blood flow or rate of 
glomerular filtration and urine output in the normal physiologic state. 

Relation of the Pituitary to Urine Output. — Diuresis and Anti- 
diuresis: The first widely accepted action of pituitary extract was the 
diuretic effect on the kidney, originally reported in 1901 by Magnus 

debit sanguin renal et sur la diurese des chiens normaux et des chiens narcotises, 
Compt. rend. Soc. de biol. 122:122, 1936; (c) Observations on the Renal Circula- 
tion and Secretion in the Dog with Special Reference to the Effect of Pituitary 
(Posterior Lobe) Extract, J. Physiol. 89:14, 1937. 

4. Schmidt, C. F., and Walker, A. M. : A Thermostromuhr Operating on 
Storage Battery Current, Proc. Soc. Exper. Biol. & Med. 33:346, 1935. 

5. Walker, A. M. ; Schmidt, C. F. ; Elsom, K. A., and Johnston, C. G. : The 
Renal Blood Flow in Unanaesthetized Rabbits and Dogs in Diuresis and Anti- 
diuresis, Am. J. Physiol. 118:95, 1937. 

6. Van Slyke, D. D.; Rhoads, C. P.; Hiller, A., and Alving, A. S.: Rela- 
tionship Between Urea Excretion, Renal Blood Flow, Renal Oxygen Consump- 
tion and Diuresis : The Mechanism of Urea Excretion, Am. J. Physiol. 109 : 
336, 1934. 

7. Chasis, H. ; Ranges, H. A. ; Goldring, W., and Smith, H. W. : The Control 
of Renal Blood Flow and Glomerular Filtration in Normal Man, J. Clin. 
Investigation 17:683, 1938. 

8. Marshall, E. K., Jr. ; The Influence of Diuresis on the Elimination of 
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and Schafer and later by Schafer d- Recently Heller reviewed this 
subject and the role of anesthesia in the production of the diuretic effect 
and reported the separation of the pressor fraction from the antidiuretic 
factor. He showed that the pressor substance alone is responsible for 
the diuresis, the effect being of vascular origin, much like that of epi- 
nephrine reported by Richards and Plant.^^ 

The antidiuretic properties of posterior pituitary extract were not 
recognized until Frank in 1912 noted an association between injuries 
to the hypophysis and the state of diabetes insipidus. Simmonds 
reported 3 cases of polyuria following destruction of the posterior lobe 
of the pituitary, and Goldzieher,^^ 2 cases. Van der Velden^® and 
Farini independently demonstrated the use of posterior pituitary 

extract in producing antidiuresis. That the same effect could be 
produced in normal water diuresis was successively demonstrated both 
in animals and in human subjects by Konschegg and Schuster,^® 
Motzfeldt,^’^ Rees,^^ Priestley and Weir, Larson and Rowntree.^^ 
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Renal or Extrarenal Mechanism of the Antidiuresis Caused by 
Administered Posterior Pituitary Extract : It appears that there may be 
three ways in which the pituitary extract may act in inhibiting urine 
output. 1. It might affect the water exchange between blood and tissues. 
This is most easily ruled out, since, first, there is no evidence favoring 
it and, second, it should actually stimulate diuresis on the basis of plasma 
dilution (Poulsson,^® Priestley,^® Craig,^® and Underhill and Pack^'^). 
2. It might act indirectly through the nervous system and tissues by way 
of a hypothalamic regulating center, advocated largely by the Viennese 
school (Molitor and Pick,^® Mehes and Molitor^® and Hoff and 
Wermer®®). This still requires confirmation. 3. It might act directly 
on the kidney. This hypothesis was supported by the heart-lung-kidney 
preparation of Starling and Verney,®^ in which the urine showed the 
characteristic changes which occur after administration of pituitary 
extract. It was also supported by the results of Janssen,®^ who showed 
that direct injection of pituitary extract into the renal artery of one 
kidne}'- produced a response in that kidney before a similar response 
occurred in the opposite kidney. This effect was produced despite the 
ruling out of a nervous mechanism by section of the spinal nerves between 
the fifth and the sixth cervical vertebra and double vagotomy. This was 
also corroborated by Verney,®® Klisiecki and associates and Theobald.®® 
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From still another angle, Mclnt3fre and Van Dyke by a study of the 
chloride and the bromide distribution between cells and plasma under 
different conditions controverted the extrarenal mechanism. 

Role of Renal Blood Flow, Glomerulus and Tubule Cell in the 
Production of Antidiuresis: Renal blood flow. Earlier work by Dale,*" 
Motzfeldt,^^ King and Stoland,®® Knowlton and Silverman, Richards 
and Plant.^^ Priestley and Abel and Ceiling^® produced varying 
results, with no conclusive evidence that the circulatory mechanism was 
responsible for antidiuresis, though at times the results were suggestive. 
Starling and. Verney,^^ too, using the isolated perfused kidney, could 
not attribute the antidiuresis to a vascular effect. Later studies empha- 
sized this. Brings and Molitor noted an initial reduction in the renal 
volume, which passed off long before the antidiuretic effect. Ceiling, 
Herrick and Essex,^^ Herrick and Walker and associates ® noted a 
transient diminution followed by an actual increase in renal blood flow. 
Samaan and Handovsky ^ apparently made the same observation, dis- 
agreeing only in relation to water diuresis, contrary to the citation by 
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W alker and associates ® and Smith.^^ Corcoran and Page/® after mea- 
suring renal blood flow indirectly by a modification of the method of 
Van Slyke and co-workers ® in which phenolsulfonphthalein (Sheehan 
and inulin were used instead of urea, reported a rise in 5 animals and a 
fall in 4. They could offer no explanation for the inconsistent results. 
Therefore, the few experiments to the contrary notwithstanding, the 
effect of pituitary extract on the renal hemodynamics is but transient 
and cannot account for prolonged antidiuresis. 

The glomerulus. Richards and Plant early showed in the rabbit 
kidney that small doses of solution of posterior pituitary will produce 
an actual increase in urine output by constricting the efferent arteriole 
and thereby increasing the intraglomerular pressure. Larger doses, 
however, produce anuria by also constricting the afferent arteriole. 
Adolf made similar observations. More elaborate information was 
sought by the application of clearance tests. Poulsson and Walker 
and co-workers,® using creatinine clearance, and Burgess, Harvey and 
Marshall,^® using the xylose and sucrose method of Shannon, Jolliffe 
and Smith,'*® failed to note any significant decrease in glomerular filtra- 
tion either in dogs or in human subjects after the administration of 
solution of posterior pituitary. Gersch,®® using the ferrocyanide method, 
was in agreement. Corcoran and Page,*® on the other hand, employing 
inulin clearance, noted an increase in the rate of glomerular filtration 
in the periods of decreased renal blood flow, which suggested constriction 
of the efferent arterioles. Therefore, from previous evidence one could 
hardly attribute antidiuresis to an alteration in glomerular function. 
Special note must be made that apart from the last-named authors, no 
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investigator has been able to obtain positive evidence for an effect of 
pituitary extract on glomerular function by means of clearance methods. 

The tubule cell, Addis and associates early postulated that the 
inhibitory effect of pituitary extract was due to its specific action on the 
secreting cell of the kidney. Positive evidence, especially for the 
proximal portion of the tubule as the site of antidiuretic action, was 
proposed by Poulsson on the basis of the effect of pituitary extract 
on urea excretion. Gersch and Stieglitz and Gersch,°° using the ferro- 
cyanide method, stipulated the loop of Henle, and less so the proximal 
convolutions, as the site of action, as did Burgess, Harvey and Marshall 
in their comparative zoologic study of antidiuretic response. The evi- 
dence, therefore, favors the position that the pituitary exerts its anti- 
diuretic action on the kidney by its specific effect on the tubule cell. 

Renal Function Under Conditions of Pituitary Deficiency . — However 
indefinite is present knowledge of renal physiology in regard to the 
response of the kidney to administered pituitary extract, all the more 
uncertain is it when the organism is deprived of that influence. Knowl- 
edge of this phase of renal behavior is essential to the better under- 
standing of diabetes insipidus. 

Schmitz found the creatinine clearance in 4 cases of diabetes 
insipidus to be normal and concluded that polyuria is due to a failure 
in tubular reabsorption of water. White and Heinbecker studied renal 
function in dogs in which the pars nervosa of the pituitary and the 
accessory sites of pitressin production were removed. Within two to 
four weeks after operation they noted a fall both in urea and in creatinine 
clearance from 30 to 50 per cent, with a return to normal after several 
months. In later experiments,®® they noted that the fall in urea clearance 
was less than that of creatinine clearance and might not fall at all. 
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Recently these same authors with an associate carried on studies more 
closely related to those presented here. In their earlier studies White 
and Heinbecker measured the renal function in 2 hypophysectomized 
dogs by means of inulin and diodrast clearances. They observed both 
clearances to be one half those found in the normal dog and postulated 
that though they did not determine the total tubular excretory mass 
(Tra), it, too, was probably one half of normal. In their most recent 
report White, Heinbecker and Rolf recorded their observations on 
6 hypophysectomized dogs. The diodrast plasma clearance after opera- 
tion showed an average decrease of more than 40 per cent, with an 
approximately corresponding drop in the renal plasma flow. Both the 
plasma diodrast extraction determined from blood drawn from the renal 
vein and tubular diodrast extraction remained constant in the normal 
and in the hypophysectomized animals. The glomerular filtration rate 
decreased correspondingly with the drop in renal plasma flow, while the 
filtration fraction remained unchanged. The total excretory mass after 
hypoph)’'sectomy was found to be decreased by more than 50 per cent. 
The total blood volume was decreased by 20 per cent. In view of the 
unchanged tubular extraction of diodrast at a low plasma level in the face 
of a definitely decreased total excretory mass, the authors populated 
some hypothetic substance concerned in the tubular excretion of diodrast 
to be deficient in quantity but not in quality. The fall in renal plasma 
flow is attributed to a combination of a fall in blood volume, diminished 
cardiac output and uniform renal vasoconstriction. 

PURPOSE OF STUDY 

It was with the application of the inulin and of the diodrast clearance 
test that the problem of the function of the kidney in diabetes insipidus 
in human beings was approached. It was hoped, thereby, to shed light 
on the following questions : 1. What is the state of (a) renal blood flow, 
(&) glomerular filtration and (c) tubular function in the two well estab- 
lished phases, the untreated, or diuretic, and the treated, or antidiuretic, 
phase? 2. During the transition from the antidiuretic to the diuretic 
phase due to the progressiA'^e loss of the effect of administered posterior 
pituitary extract, what relation can be established between renal blood 
flow and glomerular filtration, on the one hand, and urine output, on the 
other? 3. What changes, if any, occur in the kidney in a diuretic state 

56. (cr) White, H. L., and Heinbecker, P. : Observations on Inulin and Diodrast 
Clearances and on Renal Plasma Flow in Normal and Hypophysectomized Dogs, 
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Effects of Hypophysectomy on Some Renal Functions, Proc. Soc. Exper. Biol. & 
Med. 46:44, 1941. 
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after a single dose of pituitary extract, with its almost instantaneous 
antidiuretic effect? 4. What changes occur in percentage of plasma 
volume during this acute transition? 5. Are there observable changes 
in renal blood flow after administration of water once antidiuresis is 
established ? 

MATERIAL 

In an attempt to answer the foregoing questions, it was possible to study 
renal function in 7 males with diabetes insipidus. In 6 of them moderate to marked 
diuresis occurred during the untreated phase. In the seventh patient the diuresis 
was counteracted by thyroidectomy. A brief outline of each case follows : 

Case 1. — H. N., aged 36, had had diabetes insipidus for fifteen years. The 
etiology was unknown. The usual fluid intake and output was 10 to 11 liters per 
day. During treatment with solution of posterior pituitary the fluid exchange 
fell to 2 to 3 liters per day. The basal metabolic rate was — 16 per cent. Except 
for being somewhat underweight, the patient was essentially normal on physical 
examination. At the time of this study he was taking solution of posterior pituitary 
regularly. 

Case 2. — S. T., aged 24, had had diabetes insipidus since early childhood. 
The etiology was unknown. The fluid intake and output was 11 to 12 liters per 
day; during treatment with posterior pituitary the fluid exchange decreased to 
3 liters. On physical examination the patient appeared essentially normal. At the 
time of this study he was not taking solution of posterior pituitary regularly. 

Case 3. — F. C., aged 35, had an illness of eleven years’ duration which 
was believed to have followed a streptococcic infection of the throat. The fluid 
intake and output was 10 to 11 liters per day; during treatment with posterior 
pituitary the fluid exchange fell to 2 liters. On physical examination the patient 
was essentially normal. At the time of this study he was not taking posterior 
pituitary extract regularly, since it induced asthmatic seizures. 

Case 4. — R. D., aged 32, had had diabetes insipidus of unknown etiology for 
four years. The fluid intake and output was about 10 liters per day; during 
treatment with pituitary extract the fluid exchange fell to 2 to 3 liters. On 
physical examination the patient was essentially normal. At the time, of this 
study the patient was not taking solution of posterior pituitary regularly 

Case 5. — G. A., aged 13, had an illness of four years’ duration which was 
believed to have followed an infection of the middle ear. The fluid intake and 
output was 10 to 15 liters per day. During treatment with solution of posterior 
pituitary the fluid exchange decreased to 2 to 3 liters. The patient’s growth was 
moderately stunted, but otherwise physical examination revealed nothing abnormal. 
At the time of this study he was taking pituitary extract regularly. 

Case 6.— J. K., aged 28, had an illness of nine years’ duration of unknown 
etiologj\ The fluid intake and output was 8 to 11 liters per day, though shortly 
before this study it decreased to 6 liters per da\'. During treatment with solution 
of posterior pituitary the fluid exchange fell to 2 liters per day. The basal 

57. In all cases during medication and/or experimental procedure solution of 
posterior pituitary U. S. P. was used. 
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metabolic rate was — 21 per cent. Moderate underdevelopment of the genitalia 
was present, but otherwise physical examination revealed nothing abnormal. At 
the time of this study the patient was taking posterior pituitary extract regularly. 

Case 7. — L. R., aged 35, had postencephalitis with parkinsonism and diabetes 
insipidus of ten years’ duration. The fluid intake and output was originally 8 to 10 
liters per day. Total thyroidectomy done six years ago was accompanied by a 
reduction in fluid exchange to 3 liters per day. During the six year period the 
weight increased from 113 to 203 pounds (51 to 92 Kg.). The basal metabolic rate 
was — 25 per cent. 

METHOD 

Renal blood flow was determined indirectl}' by measuring the effective plasma 
clearance of diodrast divided by the percentage of plasma volume, as described 
by Smith, Goldring and Chasis and Chasis, Ranges, Goldring and Smith.^ The 
method essentially depends on the clearance of a substance that is entirely excreted 
through the glomeruli and tubules in one circulation of renal arterial blood. Maxi- 
mum clearance is obtained at such plasma concentrations that the ratio of tubular 
excretion is in direct proportion to the plasma concentration — usually less than 
5 mg. per hundred cubic centimeters. Iodine determinations were carried out 
according to the Smith modification's of the Kendall method.®® The glomerular 
filtration rate was determined by measuring inulin clearance on the principle that 
inulin is completely filtered through the glomerulus and only by the glomerulus.®® 
The determination of inulin was done according to the method of Alving, Rubin 
and Miller and their later modification.®- The total tubular excretory mass 
(T^j) was determined at raised plasma diodrast concentrations,®® under which cir- 
cumstance tubular excretion is independent of glomerular activity and renal blood 
flow and is proportional to the number or mass of actively excreting tubules. It 
is to be noted that all figures are calculated on the basis of a standard surface 
area of 1.73 square meters. 

In the experiments presented here, the infusions of inulin alone and diodrast 
in physiologic solution of sodium chloride were prepared in such concentrations 
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as to give a plasma iodine level of approximateh’' 2 mg. per hundred cubic centi- 
meters in the determination of effective plasma clearance and 30 mg. per hundred 
cubic centimeters or higher in the determination of the total excretory mass and a 
plasma inulin level of approximately 10 mg. per hundred cubic centimeters through- 
out the experiment to determine glomerular filtration rate. The infusion was given 
intravenously at an average rate of 4 to 5 cc. per minute for twenty to thirty 
minutes before study to insure equilibrium. 

Preparation of Patients . — Before any studies were done, these patients were 
first prepared according to certain routine procedures, (a) A period of hydra- 
tion of three to four days preceded all experiments. Patients not taking posterior 
pituitary extract were encouraged to drink abundantly and on the morning of 
the experiment to drink 1.5 to 3 liters up to ninety minutes before study. This 
was regarded as essential to counteract possible dehydration. Those patients 
receiving pituitary extract were also encouraged to take fluids over this same 
period, though to a more moderate degree, including 1 to 1.5 liters the morning 
of study, (b) The diuretic phase was established in those patients taking pos- 
terior pituitary extract regularly by depriving them of the extract for a minimum 
of two to three days, till maximum diuresis was attained. In later experiments, 
-this period of deprivation was prolonged to one week, (c) In giving pituitary 
extract to a patient not taking it regularly a solution of posterior pituitary was 
administered for three days preceding the experiment in 1 cc. doses sub- 
cutaneously, <^3 -with a minimum of three doses the first day, two the second day 
and one the morning of the experiment, at which time the antidiuretic effect was 
well established. 

RESULTS 

Renal Function in Established Diuresis and Antidiuresis . — The com- 
ments on this study can be best made as analyses of individual behavior 
(table 1). 

Case 1. — The effective plasma clearance on two occasions, following diuresis 
of seven and, essentially,®^ eighteen daj-s’ duration, respectively, was decreased 
50 or more per cent compared with that after treatment with posterior pituitary 
extract for two weeks. On the other hand, after diuresis of two and a half to 
three days’ duration, there was no diminution in clearance. Both the total excre- 
tory mass and the glomerular filtration rate were practically constant in all three 
experiments. 

Case 2. — Effective plasma clearance during the diuretic phase was decreased 
on the first occasion by 60 per cent and on the second occasion by 30 per cent 
compared with that after treatment with posterior pituitary extract. In this case 
also the glomerular filtration rate and the total excretory mass were essentially 
unchanged. 

Case 3. — On first examination the effective plasma clearance was decreased 
by 40 per cent compared with that after four days’ treatment with posterior 
pituitary extract. Another study during the diuretic phase revealed a clearance 
decreased by only 20 per cent. At this time, however, the urine output was 
only 3.1 cc per minute, which is no greater than that of a nondiabetic person 

63. In case 5 the pituitary extract was administered intranasally. 

64. The patient took one dose of posterior pituitary extract ten days before 
study. 



Table 1. — Effect of Repealed Administration of Posterior Pituitary Extract on Renal Function * 
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* The plasma clearance is generally depressed, particularly when pituitary extract has not been administered for some time. The vaiues of maximum 
difference are set in heavy type. The glomerular filtration rate is practically constant. The total tubular excretory mass shows only slight change, 
t This reading was made independently alter a week’s treatment with pituitary extract. 

t One cubic centimeter of solution of posterior pituitary was given fourteen minutes before the first period of measurement. 

§ The antidiuretic effect of the pituitary extract was lost during the experiment. 
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with similar preparation and was from one-third to one-half his ordinary output. 
The glomerular filtration rate was constant. The total excretory mass showed 
only slight change on one occasion after treatment with pituitary extract and a 
greater diminution on another. There is no explanation for the latter change, 
and no significance can be attached to it. 

Case 4. — The effective plasma clearance during two periods of diuresis, for 
ten and five days, respectivelj’’, showed no depression. The glomerular filtration 
rate on both occasions was also normal. The diminished glomerular filtration 
rate following treatment with posterior pituitary extract was an acute effect of a 
dose given fourteen minutes before the experiment; therefore, it is not significant 
for purposes of this experiment. The total excretory mass, however, was mea- 
sured well after the acute effect subsided and showed little change in either phase. 

Case 5. — ^Diuresis could be established for only two days because of the 
hardship entailed. Despite this, plasma clearance was still decreased by 20 per 
cent compared with that when the patient was taking posterior pituitary extract. 
Also, the higher clearance value during medication was obtained despite the pro- 
gressive loss of antidiuretic effect during the course of the experiment. There 
was no essential change in the glomerular filtration rate. No measurement of the 
total excretory mass could be obtained in this case. 

Case 6. — Only limited essential data can be furnished in this case. The 
plasma clearance following diuresis of two days’ duration was within normal range. 
It is worth noting that the patient’s diuresis has recently been improving, with 
the fluid exchange decreasing from 10 to 6 liters per day. The glomerular filtra- 
tion rate and the total excretory mass were within normal limits after treatment 
with posterior pituitary extract. It may also be worth 'mentioning an approxima- 
tion that the total excretory mass was higher before medication with pituitary 
extract than after. 

Case 7 (table 5 ).°^ — It is to be noted that this patient, having had a total 
thyroidectomy some time before, was considerably myxedematous, with a basal 
metabolic rate of — 25 per cent and weight of 203 pounds (92 Kg.). His surface 
area, therefore, was not a true reflection of his renal status. Nevertheless, the 
renal function was not significantly abnormal. 

Generally spealdng, therefore, the aforementioned experiments 
revealed a depression of varying degree in effective plasma clearance 
during the well established diuretic phase compared with that in the 
antidiuretic phase, while the glomerular filtration rate and the total 
excretory mass remained practically constant. 

Acute Effect of Posterior Pituitary Extract on Renal Function 
(table 2). — Diuresis was established in all patients for at least two to 
three days before study. The effective plasma clearance was determined 
for three or four control periods and was again determined for several 
more periods after the administration of posterior pituitary extract, the 
dose varying with the size of the subject. The periods were usually 

65. Since completion of this study, this case has been reported at length 
(Blotner, H., and Cutler, E. C.: Total Thyroidectomy in the Treatment of 
Diabetes Insipidus, J. A. IvL A. 116:2739 [June 12] 1941). 



Table 2. — Acute Effect of Posterior Pituitary Extract on Renal Function 
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shorter after the injection to enable detection of acute changes in func- 
tion. Samples of blood for hematocrit readings were also taken before 
and after the injection.®® 

It is to be noted that there is a sharp drop in the glomerular filtration 
rate in all cases, a corresponding drop in plasma flow in all but case 4 
and a rise in the filtration fraction in all but cases 4 and 5. The effect 
subsided within fifteen to twenty minutes, though antidiuresis persisted. 
In several cases (1, 2 and 3) it can be noted that the final value for renal 
plasma flow is even higher than those of the control periods. Hematocrit 
readings before and after the administration of posterior pituitary extract 
do not show consistent changes either in direction or in degree. 

Relation of Renal Blood Flow and Glomerular Filtration Rate to 
Urine Output (table 3). — The patient studied was G. A., aged 13, in 

Table 3. — Relation of Renal Plasma Flow to Increasing Diuresis; Progressive 
Loss of the Antidiuretic Effect of Posterior Pituitary Extract * 

Plasma Clearance, Cc./Min. 

Urine , ^ * , 


Case No. 

Time, 

Min. 

Output, 

Cc./Min. 

Diodrast 

Clearance 

Inulin 

Clearance 

Filtration 

Fraction 

5 

16.9 

7.2 

608 

126.1 

0.21 

(last dose of solu- 

14.8 

10.7 

530 

129.4 

0.24 

tion of posterior 

11.0 

12.7 

627 

128.6 

0.21 

pituitary U. S. P. 

14.1 

13.4 

518 

90.2 

0.17 

administered intra- 

11.9 

15.3 

582 

95.0 

0.16 


nasally hr. 
before the experi- 
ment) 

* The plasma clearance and the glomerular filtration rate remain practically constant 
despite a progressive rise in the rate of urine output. 

whom diuresis was normally severe. He was allowed to take his usual 
morning dose of posterior pituitary extract, and the experiment was 
begun two and a half hours later, when there was progressively increasing 
diuresis corresponding to the loss of antidiuretic effect. It was necessary 
to use a small catheter (no. 10 F). The study extended over five 
periods. 

Despite the striking increase in urine output from 7 to 15 cc. per 
minute within the course of one hour, plasma flow and glomerular filtra- 
tion rate remained practically constant. The somewhat depressed inulin 
clearance during the last two periods is not significant. 

Effect of Administration of Water on Renal Blood Flow During 
Antidiuresis (table 4). — These experiments were continuations of the 
ones described in the section on “Acute Effect of Posterior Pituitary 
Extract on Renal Function” and were not begun until it was thought that 

66. The tourniquet was not attached to the arm at the time that the blood 
was withdrawn. 



Taiilh ‘[.—Effect of /Idmiuislmtion of Water on Renal function of Subfecls Under the Influence of Posterior Pituitary R.vtracf* 
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the acute effect of the previously administered pituitary extract had sub- 
sided. During the antidiuretic phase, 1 to 1.5 liters of water was given 
by mouth over a short interval and an attempt made to detect changes 
in the renal blood flow as a reflection of hyperhydremia. Hematocrit 
readings were also made. 

In cases 1 and 3 there was a slight rise in plasma flow in eighteen and 
twenty-three minutes, respectively, which promptly subsided to the initial 
level. In case 2 a repeated smaller dose of posterior pituitary extract 
was thought necessar}'^ to insure antidiuresis just after the administration 
of water with production of an acute effect, but after twenty-four minutes, 
well beyond the maximum time of altered clearances in the aforemen- 
tioned experiments on the acute effect of pituitary extract, the rate of 
plasma flow was still somewhat elevated. A slight transient depression 
in glomerular filtration rate can also be noted. 


Table 5. — Renal Function After Thyroidectomy * 



Plasma Clear- 
ance, Cc./Mln. 

A 

Effective 

Blood 

Plow, 

Cc./Mln. 


Hema- 

tocrit, 

Plasma 

Volume, 

% 


Case 

No. 

Urine Diodrast 
Output, Clear- 
Cc./Min. ance 

Inulin 

Clear- 

ance 

Filtration 

Fraction 

Comment 

7 

3.9 506 

88 

880 

0.17 

57.6 

No treatment with solution 
of posterior pituitary 


* The effective plasma clearance and the glomerular filtration rate are within normal 
limits. 


COMMENT 

The Tubule Cell as the Site of Pathologic Ftmetion in Diabetes 
Insipidus . — It is apparent from the data presented that glomerular filtra- 
tion as measured by inulin clearance is essentially unchanged in the well 
established diuretic and antidiuretic phases, indicating the absence of any 
glomerular mechanism in the pathogenesis of diabetes insipidus, as well 
as the independence of glomerular filtration and urine output in general. 
This is in complete accord with the studies in diabetes insipidus by 
Schmitz but not with the animal experiments of White and associates 
if their studies may be placed on a comparable basis. The last-named 
authors reported a reduction in glomerular filtration as measured both by 
creatinine and by inulin clearance in hypophysectomized dogs. 

On the basis of the studies presented here it can be reasoned that if 
the inulin clearance is known to be the same in both phases, the filtrable 
fraction of diodrast must also be the same, so that whatever variations 

67. (cf) White and Heinbecker (footnotes 54, 55 and 56a). (&) White, Hein- 

becker and Rolf.®®*’ (c) Heinbecker, P. ; Personal communication to the author. 
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do occur in effective plasma clearance must be attributed to the tubule 
cells. If one omits case 6, except for a few pertinent remarks later, it 
will be observed that in all cases other than case 4 the effective plasma 
clearance is persistently lower when posterior pituitary extract is not 
given than when it is administered. The clearance under the first-named 
condition ma}'^ range from 20 to 60 per cent below the values obtained 
during medication. If one assumed that practically all the blood flowing 
through the kidney comes in contact with the clearing mechanism, as 
there is no obvious morphologic change, microscopically, that would 
account for a deflection of blood away from it, the depression in clearance 
can then be explained in one of two ways: 1. There is a decrease in the 
total blood volume and, hence, in the renal blood flow. 2. There is a 
specific impairment in the excretory function of the tubule cell. 

It is agreed that the first possibility cannot be easily dismissed, since 
it is imaginable that during the diuretic phase there is a tendency to 
dehydration and actual depletion of the total blood volume, in turn 
reflected by decreased renal blood flow. There are several difficulties 
with this interpretation, however. First, previous water balance studies 
indicate that during the diuretic phase water intake generally parallels 
the output, so that the balance is at least approximately maintained.'’’® 
Second, because the possibility of dehydration was fully realized, the 
patients were encouraged to drink abundantly for 'several days before 
study to compensate for diuresis. Third, in case 4 there was no decrease 
in the renal blood flow despite marked diuresis for two periods of five 
and ten days, respectively. Fourth, it is difficult to believe that the 
decrease in total blood volume could be so great as to account for as 
much as a 60 per cent decrease in renal plasma flow. Finally, the 
decrease in total blood volume of hypophysectomized dogs which was 
reported by White, Heinbecker and Rolf and which was regarded as 
partially responsible for diminished renal plasma flow was not measured 
in terms of the original weight of the animals, so that actually the total 
blood volume was unchanged (Heinbecker 

The alternative explanation is that the function of the tubule cell is 
specifically impaired by the deficiency in pituitai-y hormone manifested 
not only by the decreased power for the reabsorption of water, with 
subsequent diuresis, but in its reduced excretory capacity, indicated by 
the depression in plasma clearance. There are, ostensibly, two ways 
in which this might be established : 1. Given the conditions of diuresis 
and low plasma clearance, one should demonstrate a significant improve- 
ment in clearance following the administration of a single dose of 
pituitary extract. 2. During the well established diuretic and anti- 
diuretic phases, one should demonstrate changes in the total excretory 
mass corresponding with changes in plasma clearance. 


68. Blotner, H. ; Unpublished data. 
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As for the first method of approach, it has been noted in table 2 that 
in the first 3 cases the terminal clearance values were somewhat above 
initial control levels after recovery from the acute effect of posterior 
pituitary extract. This cannot be used as evidence of improved effi- 
ciency, however, since comparable results were previously obtained by 
Ceiling and associates,^^ Herrick,"*® W alker and co-workers ® and 
Handovsky and Samaan with the use of the thermost'romuhr, which 
ostensibly measures actual blood flow. The sharp rise in case 4 appears 
attributable to the acute vascular effect of pituitary extract. There is no 
significant evidence, therefore, that a single dose of pituitary extract will 
promptly improve the excretor)' capacity of the tubule cell as it does its 
capacity for the reabsorption of water. 

As for the second method of proof, contrary to the observations of 
White, Heinbecker and Rolf with reference to their hypophysectomized 
dogs, the total excretor}'’ mass did not show changes corresponding with 
those of plasma clearance. In 4 cases in which the total excretory mass 
was measured both in diuretic and in antidiuretic phases, the difference 
was slight, if any, generally not exceeding 5 to 6 mg. of iodine per minute, 
and not consistent in any one direction. 

On the other hand, other interpretations may be sought, though here 
a certain degree of speculation is implied and opposition to certain 
accepted principles in renal function is met with. In the first instance, 
it may be stated that the failure of plasma clearance promptly to improve 
after administration of pituitary extract, is due to the fact that while 
the restorative capacity of the tubule cell for reabsorbing water is effec- 
tive and immediate, its capacity for excretion of a solute requiring a 
greater amount of cell “work” is less effective and delayed. Cell recovery, 
therefore, requires two factors, (1) sufficient pituitary hormone and (2) 
sufficient time, both enabling an elevation in the degree of molecular 
excliange. Once this elevation is established, however, it tends to be 
retained despite the rapid loss of antidiuretic effect. This will explain 
the only slight, if any, diminution in plasma clearance in the presence 
of diuresis of short duration. This is best evident in case 4 and experi- 
ment 17 in case 5. 

In the second instance, it may be further stated that the failure of 
the total excretory mass to be depressed during the diuretic phase may be 
due to the fact that while the tubule cell at the lower level of diodrast 
concentration necessary for measurement of effective plasma clearance 
reveals its true state of inefficiency and depressed molecular exchange, at 
the higher level of diodrast concentration necessary for measurement 
of the total excretor}’- mass its excretory capacity increases to its normal 
level of function under the “driving force” of tubule cell saturation. 

69. Handovskj'- and Samaan (footnote 2 b and c). 
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Two fundamental observations, however, render this interpretation 
difficult. First, the concept of impaired tubular excretory function at 
low plasma diodrast levels apparently implies a decreased extraction ratio 
of diodrast by the tubule cell. White, Heinbecker and Rolf have 
found 'this to be undiminished in their hypophysectomized dogs. Second, 
a decreased extraction ratio at low plasma diodrast levels in the face 
of an undiminished total excretory mass appears contrary to the titration 
curve as established by Smith, Goldring and Chasis and to the principle 
more recentl}' stated by Smith,"® The latter merits quotation. 

But whether the retarding factor is conceived as a positive barrier (e. g. imper- 
meable connective tissue) or a negative fault (e. g. failure of the tubule cell to 
handle all molecules available to it), it would be expected that the retardation 
would operate on any and all molecules of diodrast with statistical indilference, 
with the result that the clearance probabilities for any particular molecule would 
not be increased by increasing the number of molecules. 

As to the first point, without intending to offer the following com- 
ment as positive proof to the contrary, it is interesting to note that the 
tubular extraction ratio, as calculated from tbe tubular diodrast plasma 
clearance and the renal plasma flow, in experiment 1 compared with that 
in experiment 4 in case 1 and the ratio in experiment 5 compared with 
that in experiment 8 in case 2 did show a rise of 0.20 and 0,15, respec- 
tively. These cases represented 2 of the 4 most severe instances of 
diabetes insipidus in the series. The difficulty with offering this as 
positive proof for diminished tubular extraction is the failure to make the 
same obserA^ation in other instances, particularly in case 2, in which the 
urinar}’’ output was generally marked and pituitary extract not resorted 
to. On the other hand, even if one grants the contention that decreased 
plasma clearance is a reflection of actually decreased renal plasma flow, 
proper interpretation still appears wanting. Of the combination of 
factors responsible for decreased renal plasma flow proposed by White 
and associates,®®*’ i. e. diminished cardiac output, decreased total blood 
volume and uniform renal vasoconstriction, the last two have since been 
withdrawn,®'^® leaving only the first, which, it appears, requires further 
confirmation. Further, the observation of a diminished total excretory 
mass in the presence of a normal tubular extraction as indicating the 
existence of a quantitatively but not qualitatively deficient hypothetic 
substance appears to imply an “all or none law” of tubule cell function — • 
that at any one time a certain number of tubule cells are not functioning 
at all. This seems necessary, since there is no other morphologic change, 
such as fibrosis, to account for a diminution in the total excretory mass. 
It may be asked why the behavior of the tubule cells, numerically, should 

70. Smith, H. W. : Note on the Interpretation of Clearance Methods in the 
Diseased Kidney, J. Clin. Investigation 20:634, 1941. 
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be regarded as different from that of the glomeruli, all of which are 
believed to function at any one time.'^ Finally, one may question the 
comparability of function in a hypophysectomized animal with that in a 
human subject with diabetes insipidus, though, truly, the observations 
in the former should be highly suggestive. 

As to the second criticism, this one cannot be easily dismissed either. 
It might be contended, however, that these principles apply only to the 
normal human kidne}'' or the morphologically damaged kidney in which 
the tubule cell is under adequate hormonal control. Whether the same 
is true for the kidney in a person with diabetes insipidus may be ques- 
tioned. Certainly, the observations of White and associates would 
corroborate the similarity in behavior. 

It is worth noting that the concept of the posterior pituitai'y con- 
trolling the function of the tubule cell in a respect other than water 
reabsorption has recently been gathering other suggestive support. First, 
the evidence proposed by Silvette and Silvette and Britton sug- 
gested the independence of water reabsorption in relation to chloride. 
Second, the studies of Harrison and Harrow offered direct proof of the 
deficiency of chloride reabsorption by the tubules in the absence of 
adrenal cortex hormone. This, according to the belief expressed by 
Silvette and Britton, lends credence to the antagonism between the 
pituitary and the adrenal cortex hormones occurring within the tubular 
epithelium. 

In conclusion, from the data presented here it is difficult to consider 
diminished plasma diodrast clearance as absolute proof of a diminution 
of tubular excretory function, though there is suggestive evidence in at 
least 2 instances to the contrary. Certainly, if the interpretation of these 
observations were based solely on the diminution of total renal plasma 
flow, the clearances would indicate a normally functioning kidney. How- 
ever, until more basis for this is obtained and the subject pursued to its 
more logical conclusion, some doubt will persist. 

Effect of Posterior Pituitary Extract on the Glomerulus . — It has 
already been noted (table 1) that during the well established diuretic 

71. Smith, H. W. ; Studies in the Physiology of the Kidneys, in Porter Lecture 
Series, no. 9, Lawrence, University of Kansas, University Extension Division, 1939, 
p. 89. 

72. Silvette, H. : The Influence of Post-Pituitary Extract on the Excretion 
of Water and Chlorides by the Renal Tubules, Am. J. Physiol. 128:747, 1940. 

73. Silvette, H., and Britton, S. W. : Renal Function in the Opossum and the 
Mechanism of Cortico-Adrenal and Posterior Pituitary Action, Am. J. Physiol. 
123:630, 1938. 

74. Harrison, H, E., and Darrow, D. C. : Renal Function in Experimental 
Adrenal Insufficiency, J. Clin. Investigation 17:505, 1938; Renal Function in Experi- 
mental Adrenal Insufficiency, Am. J. Physiol. 125:631, 1939. 
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and antidiuretic phases the glomerular filtration rate is practically con- 
stant. As to the acute effect of pituitary extract, previous investigators, 
applying various clearance methods other than that used by Corcoran and 
Page,^° could not detect any significant change in the glomerular filtra- 
tion rate. It should be stated, however, that Richards and Plant and 
Adolf early demonstrated, by other methods, that small doses of solu- 
tion of posterior pituitary produced a pure constriction of the efferent 
arteriole, with maintenance of or rise in the glomerular filtration rate, 
while large doses extended this constriction to the afferent arteriole 
as well. 

In table 2 it can be seen that in practically all cases there was a 
prompt significant drop both in glomerular filtration rate and in renal 
plasma flow, as much as 50 per cent or more, with an associated rise in 
filtration fraction, which gradually returned to its original level within 
fifteen to twenty minutes. If one bases one’s reasoning on the work of 
Chasis, Ranges, Goldring and Smith," it is fair to assume that the effect 
observed here after the administration of pituitary extract is due to a 
predominant constriction of the efferent arteriole. In view of the marked 
decrease in glomerular filtration rate, it is believed that this constriction 
may involve the afferent arteriole as well. This would be in accord with 
the results reported by Richards and Plant when they used large doses 
of solution of posterior pituitary, to which the doses used here are com- 
parable. The reason for the unique behavior in case 4 is not clear. It is 
concluded that pituitary extract in relatively large doses will produce a 
predominant constriction of the efferent arteriole and that its effect will 
possibly extend to the afferent arteriole. 

Effect of Postej'ior Pituitary Extract on Renal Blood Flow . — The 
considerable disagreement among early workers on this problem has 
already been noted. Later investigatoi's were more in agreement that 
there is a slight initial transient diminution in renal blood flow, which 
returns to the original level or to an even higher one. In the cases 
presented here, except case 4, posterior pituitary extract produced a 
sharp, significant drop in the renal blood flow, as much as 50 per cent 
or more, which returned to its original level within fifteen to twenty 
minutes and in the first 3 cases eventually reached a level above that 
of the control period. The suggestion of the supposed causal relation 
l)etween renal blood flow and antidiuresis attributed to Handovsky and 

75. Walker, Schmidt, Elsom and Johnston.^ Poulsson.^j Burgess, Harvey and 
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Samaan,®'’ by Walker and associates,® and explained by the last-named 
■authors as due to the intravenous route of administration of pituitary 
extract does not appear to be a valid argument, since the injections in 
the study reported here were all given subcutaneously, yet the drop in 
renal blood flow was sharp. As for the relation of renal blood flow 
to antidiuresis, it is obvious that this is not a factor, since antidiuresis 
persists despite the eventually raised rate of renal blood flow. 

It is worth noting that in case 7 as in the other cases, despite thyroid- 
ectomy, the acute effect of posterior pituitary extract was much the same 
in relation both to the glomerular filtration rate and to the renal blood 
flow except for a moderate prolongation of the latent period till maximum 
response was obtained. This slowed response may be due to the com- 
bined effect of the presence of myxedema, hence slower absorption, and 
the smaller dose (0.5 cc.) of extract used. It appears, therefore, that the 
absence of the thyroid does not alter the acute action of pituitary extract 
and that the effective plasma clearance is within normal range. 

Relationship of Renal Plasma Flow and Glomerular Filtration to 
Unne Output . — Case 5 offered the opportunity of studying the relation 
of renal blood flow and glomerular filtration to urine output from a 
slightly different standpoint from that used by other investigators. 
Chasis, Ranges, Goldring and Smith ^ and other authors previously 
studied this relation by administering water to a subject and noting the 
state of these two factors during the resulting period of water diuresis. 
In the study presented here, the conditions were reversed. The patient 
was initially under the antidiuretic control of pituitary extract, which was 
allowed to diminish with progressively increasing diuresis until the initial 
volume of urine was more than doubled during the course of the experi- 
ment (table 3). This approach offered the advantage of avoiding any 
extrinsic factors associated with the oral administration of a large amount 
of fluid. It is noteworthy that despite the markedly increasing diuresis, 
the renal plasma flow and the glomerular filtration rate were practically 
constant throughout. This offers further confirmation that renal blood 
flow and glomerular filtration, on the one hand, and urine output, on the 
other, are entirely independent of one another. By deduction, one may 
infer that water excretion must be dependent solely on the state of 
tubular reabsorption. 

Relation of Renal Blood Flow to the Administration of Water During 
Antidiuresis . — It was originally thought possible to make distinctive 
observ’^ations on ( 1 ) the production of an accentuated hydremia following 
water administration, as manifested by changes in the renal blood flow, 
while the subject was under the antidiuretic influence of posterior 
pituitary extract; (2) the presence of a diuretic response to water under 
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antidiuretic conditions, and (3) the demonstration of a relation between 
the peak of the water load and the diuretic response. 

In the past many different methods have been used, but most con- 
sistent results have been recently obtained by means of gravimetric 
estimation of total solids and changes in electrical conductivity of serum. 
These have been reviewed at some length by Findley and White.’^® The 
consensus of later opinion favored a slight transient hyperhydremia, with 
a latent period between the peak of the water load and the diuretic 
response. Since then, Handovsky and Samaan,'’® studying renal blood 
flow by means of the thermostromuhr, detected a rise after the admin- 
istration of water and actually attributed diuresis to the stimulus of 
hyperh3fdremia. Chasis, Ranges, Goldring and Smith, using diodrast 
clearance in normal human subjects, could not detect any rise in renal 
plasma flow related to water diuresis. 

The result of the studies undertaken here have proved disappointing. 
In 3 cases a slight transient rise occurred in the renal plasma flow, but it 
was not sufficient to be more than suggestive. Similarly, no conclusions 
can be safely drawn on the relation of the peak of the water load to the 
diuretic response. 

As for the diuretic response, the impression gained is that a low 
grade “diuretic” cuiwe occurs within fifty to sixty minutes, best demon- 
strated in case 2, in which it may also be pointed out that the repeated 
dose of pituitary extract did not produce further depression in the urine 
output or affect the shape of the curve. In case 3 the complete curve is 
not noted, but here, too, there was a low grade diuretic response. In 
conclusion, then, the studies presented only suggest that after administra- 
tion of water to a person under the antidiuretic influence of pituitary 
extract, a transient hyperhydremia is followed by a low grade “diuretic” 
response. 

Hematocrit Reading in Relation to Posterior Pituitary Extract . — It 
was thought that during study of the acute effect of pituitary extract on 
renal function, with or without the administration of water, characteristic 
changes in the hematocrit reading might be detected. Previously Under- 
hill and Pack and Craig noted a definite reduction in the percentage 
of hemoglobin in the blood of dogs after the administration of solution of 
posterior pituitary without and with administration of water. The obser- 
vations cited in table 4 did not prove as definite. The highly encouraging 
result obtained in the first case studied (case 4, table 2), a rise of 4 per 
cent in the plasma volume in thirty-seven minutes after the injection of 
pituitary extract, was not borne out in the other cases. Thus, in cases 1 

78. Findley, T., Jr., and White, H. L. : Response of Normal Individuals and 
Patients with Diabetes Insipidus to the Ingestion of Water, J. Clin. Investigation 
16:197, 1937. 
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and 6 the rise was slight but not significant, while in cases 2, 3 and 5 
there was a fall up to 4 per cent (table 2). Even in those cases in which 
water was administered while the subject was under the influence of 
pituitary extract (table 4), there was no significant change, except in 
case 1, in which instance it must be realized that the rise occurred from 
the lowest depressed point following the injection of pituitary extract. 
As for the hematocrit reading during the well established diuretic and 
antidiuretic phases (table 1), it may appear that in a general way, the 
highest percentage of plasma volume accompanies the highest plasma 
clearance and vice versa. Careful scrutiny, however, will reveal instances 
in which the hematocrit difference is slight with a disproportionate differ- 
ence in clearance or is significant with no difference in plasma clearance. 
No conclusions, therefore, can be drawn from the foregoing observations 
on the relation of pituitary extract to the hematocrit reading. 

SUMMARY AND CONCLUSIONS 

The renal function in 7 cases of diabetes insipidus (in 1 case total 
thyroidectomy had been performed) was studied by means of inulin and 
diodrast clearances with the intention of establishing the site of patho- 
logic change in terms of function. 

The comparison of function during the well established diuretic phase 
with that during the antidiuretic phase revealed a decrease in effective 
plasma clearance in the diuretic phase, in most instances from 20 to 60 
per cent below clearance during the antidiuretic phase. This did not 
tend to be true if the diuresis was of short duration. The glomerular 
filtration rate and the total excretory mass (Tm) were relatively constant 
in both phases. It might be suggested that the decrease in plasma clear- 
ance is due to an impairment in the excretory function of the tubule cell 
which is restored under the influence of repeated administration of solu- 
tion of posterior pituitary. Also, the constancy of the total excretory 
mass during the diuretic phase might be explained by the elevation of 
functional level under the “drive” of tubule cell saturation. However, 
absolute proof of this cannot be offered from the data obtained. Besides, 
data from other studies controvert this interpretation. That decreased 
total blood volume may cause decreased clearance is not altogether ruled 
out, though it is not felt to be the responsible factor. 

The administration of solution of posterior pituitary, producing an 
acute transition from diuretic to antidiuretic phase, was accompanied 
by a sharp drop in the glomerular filtration rate and in the renal plasma 
flow, with a rise in the filtration fraction. The acute effect subsided 
within fifteen to twenty minutes, with the plasma flow in 3 of 5 cases 
eventuall}’- reaching a level above that of the control period. The effect 
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is believed due to a predominant constriction of the efferent arterioles, 
possibl}’ extending to the afferent arterioles. 

The study of the relation of renal plasma flow and glomerular filtra- 
tion to urine output during the course of progressively increasing diuresis 
with corresponding loss of the antidiuretic effect of posterior pituitary 
extract revealed their independence of one another. This offers cor- 
roboration for the hypothesis that excretion of water is a function of 
tubular reaibsorption. 

Suggestive evidence is presented for the occurrence of a transient 
hyperhydremia and a low grade “diuretic” response following the 
administration of water to a subject under the antidiuretic influence of 
posterior pituitary extract. 

There appears to be no consistent change in the hematocrit reading 
following administration of solution of posterior pituitary with or without 
the administration of water. 

Dr. Harry Blotner cooperated in securing the case material studied and per- 
mitted me to make use of his clinical records; Drs. Soma Weiss, James P. O’Hare, 
G. Philip Grabfield and Allen M. Butler contributed suggestions ; Drs. Homer 
W. Smith, James A. Shannon and Alf S. Alving gave counsel in questions of 
technic, and Miss Betty Eichorn gave technical assistance. 
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As more and more observations are recorded on the clinical syndromes 
of acute disseminated lupus erythematosus and atypical verrucous endo- 
carditis, it becomes more apparent that they constitute slightly varying 
but confusing manifestations of the same disease. These observations 
include the erythema group of cutaneous diseases with visceral mani- 
festations first clearl}^ pointed out b}'^ Osier in 1904; the atypical 
verrucous endocarditis recognized by Libman in 1911 and reported more 
fully by Libman and Sacks - in 1924; the polyserositis, polyarthritis and 
glomerulonephritis with long-continued fever described by Christian ® ; a 
diffuse disease of the peripheral circulation usually associated with lupus 
erythematosus and endocarditis, reported by .Baehr and associates * in 
1935 ; the nonbacterial thrombotic endocarditis accompanied by prolonged 
fever, arthritis, inflammation of serous membranes and widespread 
vascular lesions described b}’^ Friedberg, Gross and Wallach ® in 1936, 
and the generalized capillary and arteriolar thrombosis described by 
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Gitlow and Goldmark “ in 1939. The Reifensteins ^ have pointed out 
this relation in a convincing manner ; Osier long before them stated that 
while a great number of the erythemas, including simple erythema, 
erythema exudativum, herpes iris, erythema nodosum, certain of the 
purpuras, urticaria and angioneurotic edema, are usually described as 
separate diseases, they belong to one family, and he characterized them 
as follows: 

... by the similarity of the conditions under which they occur, the frequency 
with which the lesions are substituted the one for the other in the same patient 
at different times, the tendency to recurrence, often through a long period of years, 
and lastly, the identity of the visceral manifestations. 

It is fairly clear that a diffuse vascular process involving the smaller 
blood vessels of the skin and the viscera is the essential lesion of these 
signs and S 3 TOptoms. Because in all of these clinical syndromes cutaneous 
lesions at some time are erythematous and widespread, they are now 
classified as lupus erythematosus disseminatus. This disease most 
frequently suggests itself to the observer because of the very complexity 
of its manifestations. At times it simulates acute rheumatic fever, sub- 
acute bacterial endocarditis and polyserositis with subacute glomerulo- 
nephritis, 3 ^et never quite fulfils the diagnostic criteria of any one of 
these disorders. The prolonged fever, polyarthritis, polyserositis, 
evidence of endocarditis and tendency toward remissions frequently lead 
to the diagnosis of the rheumatic state. Endocarditis, erythematous 
cutaneous nodules, nephritis and anemia, especially when white-centered 
petecliiae appear, point strongly to the diagnosis of endocarditis lenta. 
The long-continued fever with conspicuous involvement of the serous 
cavities and synovial membranes and the eventual glomerulonephritis 
without signs of endocarditis may lead to a diagnosis of subacute Pick’s 
disease.® 

But to one who observes the condition from day to day the persistent 
leukocytopenia, cutaneous rash, white-centered petechiae and nephritis 
make the diagnosis of rheumatic fever untenable. Likewise the presence 
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of acute pericarditis and polyserositis with blood cultures persistently 
negative for growth and the presence of leukocytopenia are incompatible 
with the diagnosis of subacute bacterial endocarditis. The cutaneous 
rash, polyarthritis, leukocytopenia and nephritis rule out Pick’s classic 
pericarditic pseudocirrhosis of the liver, but because of the prominent 
adhesive pericarditis and polyserositis the syndrome has been classified 
as subacute Pick’s disease with polyarthritis and glomerulonephritis. 
And so we might continue with the remainder of these protean syndromes 
of unknown origin bearing close resemblance to many infectious diseases 
and encumbered with lengthy titles which only add confusion to the 
nomenclature and diagnosis. A careful analysis of the clinical and 
pathologic data seems to indicate that all are intimately related and that 
the essential lesion is endotheliitis -almost always accompanied by poly- 
morphous cutaneous lesions. 

The possibility that acute disseminated lupus erythematosus may 
appear and run its fatal course without cutaneous manifestations has 
frequently been mentioned, but no authenticated cases have been reported 
in which the cutaneous lesions did not appear at some time. Moreover, 
only rarely has an observer appreciated that pulmonary parenchymal 
lesions are specifically a part of the visceral manifestations of this 
disease. The clinical signs are those of long-standing consolidation, and 
this must be distinctly differentiated from the almost universal terminal 
pyogenic infection of the lungs. A proper evaluation of these pulmonary 
lesions seems to have been made by Osier ^ (case 26) and later by 
Tremaine® (case 2). Osier stated; 

On December 27 [the patient] . . . had a chill and on the third day con- 
solidation of the left lower lobe was found. Then the other lung became involved 
[26th day]. . . . The right lung has been clearing [3 weeks later]. The left 
lower lobe has been solid for some weeks. I put a needle in two places, but got 
nothing. 

Tremaine reported: 

Throughout the four months [the patient] . . . remained in the hospital 
there were frequent bouts of fever, chills and joint pains. The physical signs of 
a small amount of fluid at the bases of both lungs, and of consolidation at the 
inferior angle of the left scapula were usually present. A right thoracentesis 
yielded 75 cc. of fluid but no organisms. 

We feel that a case of acute disseminated lupus erythematosus in 
which we observed the patient through a long clinical course without her 
exhibiting at any time a characteristic rash, a unique circumstance, 
should be reported. Furthermore, the long-continued consolidation of 
the lungs leads us to believe that the pulmonary parenchymal changes 
are an integral part of the disease, comparable to those encountered in the 
other viscera. 
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REPORT OF A CASE 

F. N., a 24 year old white woman, whose mother died when 34 years old of 
rheumatic heart disease, had been healthy until Dec. 10, 1939, when she noted 
arthralgia and numbness of her extremities. Three weeks later a physician pre- 
scribed salicylates, but the symptoms continued unabated, yet she was able to 
carry on her work as an examiner in a pajama factory. On Jan. 8, 1940 she 
experienced severe pain over the precordium extending into the left axilla, after 
which she became thirsty and drank increasing amounts of water. Nervousness, 
insomnia, asthenia and dyspnea followed in rapid succession, and she lost some 
weight but had no cough and experienced no night sweats. She was first seen 
by one of us (H. L. R.) on January 29, and because of signs of consolidation at 
the base of the left lung, hospitalization was advised. 

On admission to the Kingston Hospital, the patient was not acutely ill, the 
temperature was 101.2 F., the pulse was 140 per minute and regular, the respi- 
rations were 32 per minute but not labored and the blood pressure was 84 systolic 
and 60 to 58 diastolic, measured in millimeters of mercury. Signs of consoli- 
dation at the base of the left lung, confirmed roentgenologically, were present. 
There were 5,600 white cells per cubic millimeter of blood and severe secondary 
anemia. The urinary sediment contained a few pus cells and a rare erythrocyte. 
The scanty sputum contained no acid-fast bacilli, but pneumococci of types XIX, 
XX and XXIV were present. Blood cultures yielded no growth after nine days’ 
incubation. 

After two days’ administration of sulfapyridine (2-[paraaminobenzenesulfon- 
amido] -pyridine) the concentration of the free drug in the blood was 5.5 mg. per 
hundred cubic centimeters, but to our astonishment the patient’s condition grew 
worse rapidly. On February 3, the temperature had risen to 104.8 F., the pulse 
rate was 160 and the respiratory rate was 40 per minute, and she was placed in 
an oxygen tent. A thoracentesis on the left side yielded a small amount of sero- 
sanguineous fluid, from which no organisms could be isolated. 

An electrocardiogram revealed low voltage with a slightly elevated ST junc- 
tion in lead I, and the ascending limb of the ST segment was concave. Sinus 
tachycardia was evident, but there were no changes of significance in the remaining 
leads. These observations suggested acute pericarditis. Physical signs of peri- 
carditis were noted after forty-eight hours, together with an inconstant slight 
mitral systolic murmur, and although the temperature had subsided to 101.2 F., 
the tachycardia and tachypnea persisted; no signs of congestive heart failure 
appeared. 

On February 8 the murmur and the signs of pericarditis had disappeared, but 
evidence of consolidation at the base of the right lung was present for the first 
time and the temperature again rose to 104.8 F. There was change in the area 
of consolidation in the left lung, with numerous crepitant rales audible in the 
area radiating from the precordium to the left axilla. In view of the fact that 
adequate sulfapyridine therapy accompanied by repeated transfusions of blood 
failed to produce a clinical response over a period of ten days, the chemotherapy 
-was stopped. The persistent leukocytopenia with the high fever and signs of pneu- 
monitis and pericarditis seemed paradoxic. It was felt at this time that the 
following observations pointed to the diagnosis of acute disseminated lupus ery- 
thematosus in spite of the fact that there were no cutaneous manifestations- 
arthralgia, pleuritis, pericarditis, pneumonitis, leukocytopenia with high fever, sterile 
blood cultures and total absence of favorable response to adequate therapy for 
pneumococcic infection. 
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A remittant fever persisted, and the temperature reached its peak of 105.4 F. 
on February 14, then gradually subsided to 99 F. on February 20, The patient’s 
condition improved, and on Februarj' 22 she was removed from the oxygen tent. 
Not only did the signs of consolidation persist in the bases of the lungs, but the 
temperature rose during the next few days to 103 F. and remained elevated 
for another week, after which it fluctuated between 99 and 100.2 F. until 
Alarch 6, when it returned to normal. At no time was splenomegaly present, 
and petechiae were never observed. The blood pressure persisted at a low level. 
Repeated blood cultures were negative for growth. Examination of the urine 
always revealed a few blood cells, many pus cells and albumin, yet there was 
never any nitrogen retention in the blood. The erythrocyte sedimentation rate 
was persistently accelerated ; the thrombocytes remained at a normal level, and 
serologic reactions for syphilis were negative. 

On discharge from the hospital on April 19, the respiratory rate was normal, 
but the tachycardia and signs of consolidation of the lungs were still present. An 
electrocardiogram made at this time showed low voltage and an isoelectric T wave 
in lead I and inverted T waves in leads II, III and IV-F, which was considered 
indicative of chronic adhesive pericarditis. The signs of persistent consolidation 
at the bases of both lungs were erroneously considered to be Ewart’s sign in 
spite of bilateral involvement and our failure to demonstrate physical and roent- 
genologic signs of massive pericardial effusion. That these signs were the result 
of pneumonia seemed unlikely; instead they were thought to be evidence of per- 
sistent pulmonary atelectasis, resulting from earlier pericardial effusion. Carbon 
dioxide inhalations had not effected an expansion. The final diagnosis on dis- 
charge rested between rheumatic fever with pericarditis and acute disseminated 
lupus erythematosus. 

For five months after her discharge the patient was afebrile. However, in 
spite of constant rest in bed the pulse rate remained rapid; she failed to gain 
weight, remained asthenic and was slightly dyspneic. During this interval, the 
signs of consolidation at the bases of the lungs persisted, but there was no cough, 
and no murmurs or adventitious sounds were heard on auscultation over the 
precordium. The rate of erythrocyte sedimentation continued rapid. Electrocardio- 
grams revealed inversion of the T wave in all four leads but no prolongation of 
the PR interval. Mantoux and patch tests for tuberculosis gave negative results. 
The urine contained a few pus cells in the sediment. Roentgenograms of the chest 
made on June 3 showed the cardiac silhouette to be of normal size with oblitera- 
tion of the costophrenic angles by shadows of increased density indicative of 
pleural involvement, and above this the pulmonary fields appeared clear except 
for a slight thickening of the lung root. Mild secondary anemia persisted but 
at no time was there leukocytosis. No cutaneous manifestations appeared even 
after prolonged exposure to sunlight. 

Early in September 1940, after an episode of pharyngitis, tire patient again 
became febrile and d 3 "spneic. On her second admission to the hospital, Septem- 
ber 18, the temperature was 103.2 F., the pulse rate was 130 per minute and 
regular and the respiratory rate was 38 per minute. There was slight cj'anosis 
of the finger tips and the lips, with beginning clubbing of the fingers. Her 
dj'spnea was only slightly relieved by ox 3 'gen. The white cell count was now 
3,700 per cubic millimeter of blood, with 80 per cent polymorphonuclears, and 
the sedimentation rate of erythrocytes was still rapid. The electrocardiogram 
now showed low voltage in lead I with a slightly elevated concave ST segment, 
upright T waves in leads II and IV and an inverted T wave only in lead III. 
This was regarded as evidence of superimposition of the pattern of acute pen- 
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carditis on a previous pattern of chronic adhesive pericarditis. Repeated blood 
cultures remained sterile after fourteen days’ incubation. Again red blood cells, 
pus cells and albumin were found in the urine, but there was no elevation of the 
blood nonprotein nitrogen. The blood pressure was 86 systolic and 60 diastolic. 
The cardiac shadow was slightly larger than on previous roentgen examinations , 
the pulmonary conus was more prominent; the left costophrenic angle was obliter- 
ated, and the infiltration of the right lower bronchial tree was increased, but far 
less than the tubular breathing' and the egophony at the areas in the bases of 
the lungs led one to believe. On auscultation over the precordium only a gallop 
rhythm was noted. Splenomegaly and lymphadenopathy were not observed. The 
patient’s condition became progressively more grave, with the temperature fluc- 
tuating between 102 and 104.4 F., until her death on September 30. 

The final diagnosis lay between the rheumatic state and lupus erythematosus 
disseminatus. We felt that the rheumatic state was the more likely condition. 

The skin of the body was tanned over the exposed parts; else- 
where it was white. The ankles and the dorsum of each foot seemed a little 
swollen, but there was no edema of the pitting variety. In the abdominal cavity 
there was a small amount of free fluid. A moderately enlarged spleen was bound 
to the abdominal wall and the under surface of the left lobe of the liver by 
extensive, friable adhesions. Likewise the liver, which was not enlarged, was 
covered by adhesions, similar to those over the spleen. The stomach and the 
intestines showed nothing striking. The liver markings were distinct, the tissue 
was dark, and a few small yellow areas were present. The enlarged spleen was 
four times its normal size and had conspicuous malpighian bodies and a pulp 
which was firm. It in no way resembled the spleen of hemolytic jaundice or 
of bacterial endocarditis. The kidneys showed no abnormalities other than a few 
definite petechial hemorrhages in the cortex. The pelvic organs were not remark- 
able, and only a small corpus luteum of menstruation was present in one ovary. 

The most extensive, and perhaps most significant, changes were found in the 
thoracic cavity, where the entire pleural spaces were obliterated by easily sepa- 
rated adhesions like those over the spleen and liver. The lungs were small and 
atelectatic. Particularly was this true of the lower lobes which no longer extended 
into the costophrenic angles of the pleural cavities but were rigidly held in an 
atelectatic state high on the diaphragm by the adhesions just described. These 
adhesions were not edematous. A careful exploration of the major bronchi and 
their minor branches failed to reveal an obstruction or anything else which could 
account for the atelectasis. After the lungs were removed and sectioned the lower 
lobes were observed to be collapsed; the tissue was firm and practically airless, 
but the gross appearance was not quite that seen in organizing pneumonia. The 
remaining lobes were air containing and showed no gross evidence of tubercu- 
losis, atelectasis or organizing pneumonia. The peribronchial lymph nodes were a 
little large, were firm and lay in somewhat fibrous mediastinal tissue. 

The pericardial sac as observed from the outside was enlarged, suggesting 
that it contained a large heart, but when an attempt was made to open the peri- 
cardial sac there were found extensive, friable adhesions between the pericardium 
and the epicardium, which accounted readily for the enlargement of the ' peri- 
cardial sac. In places these adhesions w'ere many millimeters thick, and every- 
where they bound the pericardial and the epicardial surfaces together, obliterating 
entirely the pericardial cavity. After the heart was separated from these adhesions 
it was obvious that it was not enlarged. Small grayish and translucent nodules 
were seen along the course of the small blood vessels in the epicardium On 
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opening the cavities of the heart it became clear that the right auricle was small, 
that the tricuspid valve was delicate and normal and that the right ventricle 
showed nothing unusual, which was also true of the pulmonary conus and the 
'valve leaflets. Likewise the left auricle with its appendage was rather small. 
The mitral valve, on the other hand, showed along its line of closure a few 
granular vegetations, all of which had smooth glistening surfaces. In one or two 
places these vegetations were reddened, but they had not the appearance of bac- 
terial endocarditis. The aortic valve showed perhaps the most interesting and 
significant lesion found in the heart. In the endocardium covering tlie sinus 
aspect of the anterior leaflet there was a flat, spreading, granular vegetation 
wdth sharply outlined edges and a reddish color, extending over 3 to 4 mm. of 
the central portion of the valve surface. It did not extend to involve the filmy 
edge. In the anterior cusp, underlying the corpus arantii, was a thickening which 
was slightly yellowish, a change which is commonly found in these leaflets. Flat 
mural endocardial vegetations were not observed, nor were pocket lesions present. 
The myocardium, even though a little pale, was not the seat of any gross scarring 
and showed only a few distinct thick-walled blood vessels. The major coronary 
arteries were unobstructed. The aorta was free from arteriosclerotic change. 
The superior and inferior venae cavae were entirely normal in appearance. 

The bony framework showed nothing more than a slight clubbing of the 
fingers. 

Restrictions on the extent of the examination prohibited a study of the brain. 

Histologic Examination . — The changes in the lungs are difficult to describe, 
but it is clear that they have been present for a long time. In the more consoli- 
dated areas it is almost impossible to say how the consolidation developed, i. e., 
whether the inflammatory cells first appeared in the interalveolar tissue and 
eventually encroached on the alveoli and collapsed them or whether the alveoli 
were the seat of the early changes. As the lung is observed in its present state 
there is a lobular consolidation, and the intervening air-containing alveoli are 
surrounded by thickened alveolar septums in which there is a low grade chronic 
inflammation. The inflammatory cells are almost universally of the mononuclear 
type; some are doubtless lymphocytes; a few are plasma cells, but the most 
characteristic, and, of course, most conspicuous, cell is a large mononuclear con- 
taining a deeply stained nucleus usually somewhat eccentrically placed and sur- 
rounded by a wide zone of slightly pinkish-staining cytoplasm (fig. 1). As the 
more consolidated areas are approached, this inflammatory reaction becomes more 
extensive and brings about a collapse of the alveoli. In these more affected areas, 
alveolar walls have disappeared and the lung tissue appears as a solid inflamma- 
tory mass in which the normal structural detail is completely lost, but in which 
the larger blood vessels are still identifiable. In some areas, in which the destruc- 
tion is not so far advanced, hyaline plugs occur in the compressed alveoli. There 
are alveoli in which some polymorphonuclear leukocytes are embedded in a fibrin 
network which looks like a fresher pneumonia and is perhaps terminal. It is 
evident that this is not the ordinary type of organizing pneumonia with replace- 
ment of the collapsed lung by scar tissue. The greatly thickened pleural aspect 
of the lung is made up of a fibrous tissue which is highly vascular and still the 
seat of a fairly intense inflammation consisting almost entirely of mononuclear 
elements. A similar thickening and inflammation is present in the interlobar 
fissures. 

In a section so prepared that a piece of lung and of pericardial wall is shown 
it becomes clear that the thickened pleural adhesions are much older and less 
intensely inflamed than those of the pericardium. The evidence for this is the 
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compact fibrous tissue with far fewer vascular channels in the pleural than in 
the pericardial adhesions. Likewise, the blood vessels in the thickened pleura 
have prominent walls and flattened endothelium, while those in the pericardial 
adhesions have delicate walls and prominent endothelium and their supporting 
stroma is more loosely arranged. In the pericardial adhesions there are also 
small foci of necrosis and hemorrhage. As one passes to another section showing 
the epicardium, it is observed that the adhesions over this surface are similar to 
those already described in the pericardium, that the mononuclear inflammatory 
reaction extends down to the myocardium and that in a few places mononuclear 
cells can be seen in the depth of the myocardium. They are usually confined to 
the perivascular tissue, but an exhaustive search fails to reveal a lesion or any 
cells which in the slightest manner resemble Aschoff bodies. In an occasional 
vessel there is a hyaline thrombus ; this is apparently associated with some 



Fig. 1. — Inflammatory changes in the periphery of the lung adjacent to the 
pericardium. 

necrosis of the vessel wall, but the change is certainly not that of periarteritis 
nodosa. » The myocardium itself seems well preserved; the muscular bundles and 
fibers are not hypertrophied, and no significant scarring is demonstrable. 

The lesion on the sinus aspect of the aortic leaflet consists of an avascular 
thickening with a superficial infiltration of monocytes ; near the midportion of this 
area is a small hyaline thrombus. At the edges of the thrombus the flattened 
endocardial lining seems to extend up onto the thrombus and then to become 
lost. One cannot be certain, but it rather appears that the endothelium originally 
covered this vegetation. There are no Aschoff bodies beneath the vegetation, and 
certainl}^ there is none in the valve (fig. 2). ’ 

The gross lesions on the mitral valve when studied microscopically show little 
more than fibrous changes in which a few scattered mononuclear cells remain 
There is no evidence of recent thrombi. 

9. Taylor, J. S., and Farley, D. L. ; Periarteritis Nodosa: A Case Report 
with Necropsy, Bull. Ayer Clin. Lab., Pennsylvania Hosp. 3:15 (May) 1934 
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In the liver there is a rather interesting distribution of fat-laden cells. At 
first it appears that the zone of cells surrounding the lobule and laden with fat 
are the periportal cells, but on careful observation it becomes clear that a narrow 
zone of liver celjs is well preserved immediately around the portal area. And it 
is between this zone of cells and the central portion of the lobule that the depo- 
sition of fat has occurred. In no place could it be seen that the fat-laden cells 
have as yet become necrotic. 

In the kidneys, the glomeruli appear large, the loops are not distinct and there 
is considerable intercapillary proliferation. At frequent intervals there are seen 
foci of necrosis in the glomerular tufts, which in not one single instance involve 



Fig. 2. — Vegetation on the aortic valve. 


the entire glomerulus. Where the necrosis is not so far advanced, it appears 
that the vessel in the area is plugged by a hyaline thrombus. In the area of 
more advanced necrosis the nuclear material is broken up into small fragments, 
which still take a blue stain, and there are pinkish-staining colloid droplets. 
These necrotic zones seem clearly confined to individual loops of the capillary 
tuft, and in a few instances it seems that not even the entire loop is necrotic. 
Occasionally some portion of the glomerular tuft is adherent to the capsule, even 
in those glomeruli in which necrosis in the tuft is not demonstrable. Just out- 
side of a few glomerular capsules are collections of mononuclear cells, some of 
which are fairly large and have an abundance of cytoplasm and a nuclear struc- 
ture which resembles that of plasma cells. This inflammatory reaction is quite 
like that observed in the epicardium and many places in the lungs. The most 
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constant and striking observation in the kidneys is this mononuclear cell infil- 
tration of the parenchyma just outside the glomerular capsule adjacent to the 
necrotic lesion in the tuft. There are no polymorphonuclear leukocytes, and in 
fact, little or no inflammation is present in these necrotic areas (fig. 3). 

The spleen shows only prominent malpighian bodies and moderately thickened 
arterioles. In the pulp there are increased numbers of the large mononuclear cells 
characteristic of chronic splenic tumor. 

The pancreas seems normal, as do the adrenals. 



Fig. 3.— A necrotic lesion in a loop of a glomerular tuft, with accumulation of 
mononuclear cells in adjacent renal parenchyma outside of Bowman’s capsule 


COMMENT 

The clinical aspects of this case presented many symptoms and signs 
universally described in acute lupus erythematosus disseminatus, includ- 
ing prolonged fever, arthralgia, pleuritis, pericarditis, transient renal 
damage, leukocytopenia and persistently sterile blood cultures in a female 
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in the third decade of life. Thrombopenia and cutaneous lesions, includ- 
ing petechiae and purpura, were absent. An early presumptive diagnosis 
of acute lupus erythematosus disseminatus with atypical verrucous endo- 
carditis was made, yet it was felt that the endocarditis per se did not 
contribute significantly to the clinical picture. The persistent signs of 
consolidation of the lungs were, the most prominent and indeed most 
perplexing feature of the clinical course. These signs persisted from 
early in the course of the disease until death eight months later. 

The accepted clinical picture of acute disseminated lupus erythema- 
tosus is usually accompanied by cutaneous lesions, which are not to be 
confused with the benign discoid butterfly eruption over the bridge of 
the nose and the malar prominences. It should be recalled that the rash 
of disseminated lupus erythematosus begins on the bridge of the nose as 
an impalpable reddish patch and may simulate for a short time the early 
stage of the local butterfly lesion. Before long this eruption becomes 
polymorphous and spreads over the face and ears and then to the skin 
of the neck, arms and thorax and indeed may be observed on practically 
any site of the cutaneous surface. On the other hand, Libman has 
stated that the disease might occur without a cutaneous eruption and 
that the patient might have the general clinical picture of the disease for 
many months, with the eruption developing only a short time before 
death. Also, Baehr and associates, in reporting 23 cases of disseminated 
lupus erythematosus in which autopsy was done, mentioned that a similar 
clinical picture and somewhat similar vascular lesions in the kidneys and 
other viscera were observed in patients without cutaneous lesions. Yet, 
Rose and Pillsbury expressed the belief that until the disease can be 
reproduced experimentally or until its cause is known, it seems unlikely 
that the existence of such a noneruptive form can be translated from a 
hypothesis into a fact. They believe, however, that the possibility of 
such an entity should be considered in a patient in whom no rash appears 
when fever, leukocytopenia, petechiae, purpura, embolic phenomena, 
arthralgia, evidence of endocarditis, pericarditis, renal injury, pleural effu- 
sion and persistently sterile blood cultures constitute the clinical picture. 
Still, with the present knowledge of acute disseminated lupus erythema- 
tosus the diagnosis is largely dependent on the presence of cutaneous 
lesions. And so, in the absence of cutaneous lesions a diagnosis of lupus 
erythematosus disseminatus is difficult to establish, even though most of 
the other signs of the disease are present. 

10. Libman, E. : The Varieties of Endocarditis and Their Clinical Significance, 
Tr. A. Am. Physicians 53:345, 1938. 

11. Rose, E., and Pillsbury, D. : Acute Disseminated Lupus Erythematosus: 
A Sj'stemic Disease, Ann. Int. Med. 12:951 (Jan.) 1939. 
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Just as it is difficult to establish the diagnosis on clinical grounds, 
so, too, is it difificuit to make the diagnosis on postmortem examination. 
At necropsy the cutaneous lesion is the most 'constant single gross 
observation, but often fibrinous pericarditis, atypical verrucous endo- 
carditis and polyserositis are also encountered. Histologically there may 
be evidence of diffuse endotheliitis described by Baehr and associates 
as (1) simple dilatation of capillary beds in certain areas, as in the skin, 
with extravasations of blood and serous fluid; (2) proliferative lesions 
of the endothelial lining of capillaries, arterioles and venules associated 
with thrombi which often occlude the lumen, and (3) degenerative and 
necrotizing lesions of the walls of such vessels with thrombosis and 
sometimes hemorrhage into the adjacent tissues. They expressed the 
opinion that the peculiar hyaline thickening of the capillary walls of 
the glomerular tufts, the so-called “wire loop lesion,” is almost pathog- 
nomonic of acute disseminated lupus erythematosus. Others expressed 
the belief that this common distinct renal lesion does not exist (Stickney 
and Keith and it is true that in many fatal cases the patients do 
not show it (Mallory Atypical verrucous endocarditis now con- 
sidered a part of this syndrome has been adequately described by Libman 
and Sacks, and later by Gross, and in equivocal cases the endocardial 
lesion can be differentiated from rheumatic endocarditis by absence of 
Aschoff bodies in the myocardium. Curiously enough, in these cases in 
which there is endocardial and pericardial involvement the myocardium 
is usually spared, and cardiac hypertrophy is rare. Yet in many cases 
the heart is entirely free from any endocardial involvement. Clearcut 
pulmonary lesions have not been described. Indeed, we are compelled 
to conclude that there is no single pathognomonic visceral lesion, and in 
doubtful cases the diagnosis seems tenable only by coordination of the 
clinical and the pathologic aspects. 

Our patient exhibited many of the critical manifestations of lupus 
erythematosus disseminatus, namely, prolonged clinical course with 
fever, sterile blood cultures, leukocytopenia, endocarditis, arthralgia, 
adhesive pericarditis with polyserositis and glomerular lesions. In addi- 
tion, there were noted long-continued signs of consolidation in the lungs 
caused by the pulmonary changes already described. The glomerular 

12. Stickney, J. M., and Keith, N. M.: Renal Involvement in Disseminated 
Lupus Erythematosus, Arch. Int. Med. 66:643 (Sept.) 1940. 

13. Acute Disseminated Lupus Erythematosus, Cabot Case 24201 New England 

J. Med. 218:838 (May 19) 1938. ^ 

14. Gross, L. ; The Heart in Atypical Verrucous Endocarditis (Libman-Sacks) 
in Contributions to the Medical Sciences in Honor of Dr. Emanuel Libman by 
His Pupils, Friends and Colleagues, New York, International Pre.ss 1932 vn? ? 
p. 527. 
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lesions present were not of the wire loop pattern, but the specificity of the 
latter is doubted. The valve lesions did not resemble those usually 
observed in atypical verrucous endocarditis, but certainly were not those 
encountered in rheumatic fever or in bacterial endocarditis. Absence of a 
characteristic eruption was the chief obstacle in establishing a diagnosis 
of lupus erythematosus disseminatus in our case, and yet the abundance 
of the other clinical and pathologic features points strongly to this 
disease. It may be justifiably concluded that in a case of a disease with 
such a variable picture, even at autopsy, the lack of one frequent sign 
should not preclude a diagnosis of that disorder. 

SUMMARY 

A consideration of the complex clinical manifestations of lupus erj^- 
thematosus disseminatus is combined with the report of a case in which 
the patient exhibited pronounced pulmonar}^ signs and lesions but showed 
no cutaneous eruptions at any time. 
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The problem of solubility of uric acid and urates in body fluids has 
been the subject of extensive studies. Uric acid is weak and dissolves 
in water in small amounts only. Sodium urate is more easily soluble,^ 
but its solubility is depressed by the addition of sodium chloride. A 
physiologic solution of sodium chloride dissolves only one tenth of the 
amount soluble in distilled water.- The solubility of sodium urate in 
body fluids is much higher, however, than the determination of its 
solubility in physiologic solution of sodium chloride would suggest. 
Schade and Boden ^ observed that sodium urate solutions were character- 
ized by properties specific for colloidal solutions, such as opalescence, 
gel formation and the Tyndall phenomenon (see also Bechhold and 
Ziegler^). This suggested the existence of a colloidal form of uric acid 
in body fluids (compare, however, Hoeber®). Freundlich and Farmer- 
Loeb ® examined the electrical conductivity of sodium urate solutions and 
noted the presence of sodium ions, urate ions, undissociated noncolloidal 
sodium urate, colloidal neutral urate and colloidal urate ions. All these 
constituents of the sodium urate solution are in a state of equilibrium, 
which may vary according to concentration, acidity, temperature, etc. 

From the Medical Services, the Nutrition Clinic, the Department of Chemistry 
Laboratories of Mount Sinai Hospital. 

1. His, W., and Paul, T. : Physikalisch-chemische Untersuchungen iiber das 
Verhalten der Harnsaure und ihrer Salze in Losungen, Ztschr. f. physiol. Chem. 
31:1 and 64, 1900. 

2. Kohler, R. : Die Ausfallsbedingungen der Urate in tierischen Fliissig- 
keiten, Ztschr. f. klin. Med. 87:190-200, 1919. 

3. Schade, H., and Boden, E. : Ueber die Anomalie der Harnsaureldslichkeit 
(kolloide Harnsaure), Ztschr. f. physiol. Chem. 83:347, 1913. 

4. Bechhold, H., and Ziegler, J.: Vorstudien iiber Gicht: HI Biochem 
Ztschr. 64:471-489, 1914. 

5. Hoeber, R. : Physikalische Chemie der Zelle und der Gewebe Leipzig 

Wilhelm Engelmann, 1924, pp. 81-88. ’ ’ 

6. Freundlich, H., and Farmer-Loeb, L.; Harnsaures Natrium als Kolloide- 
lektrolyt, Biochem. Ztschr. 180:141-155, 1927. 
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The recognition of the colloidal properties of uric acid solutions offered 
to the clinician plausible explanations for various clinical observations, 
particularly in regard to the excretion of uric acid, gout and the forma- 
tion of uric acid calculi. 

Regardless of certain controversies about the colloidal state of uric 
acid in body fluids, clinical observations led years ago to the assumption 
of “free” and “bound” uric acid. To the best of our knowledge, it was 
Minkowski ’’ who first postulated the existence of combined uric acid 
in blood; on the basis of further experimental evidence, he reiterated 
his opinion more than thirty years later, in his last review of the subject.® 
Benedict and his co-workers ® succeeded in isolating from the blood of 
various species of animals and from human blood a compound of one 
molecule of uric acid with one molecule of dextrorotatory ribose. It 
was assumed that this substance derives either from inosinic acid by 
oxidation of the hypoxanthine component or from guanylic acid by 
oxidation of the guanine moiety. According to Peters and Van Slyke,^® 
this is the only organic combination of uric acid in the animal body the 
existence of which has been definitely proved (compare also Bornstein 
and Griesbach Fischer and Helferich, cited by Minkowski,® 
expressed a belief in the existence in the organism of an easily hydro- 
lyzable nucleoside of uric acid, the presence of which is difficult to 
demonstrate. 

A few French authors attempted to differentiate free uric acid from 
combined uric acid. Guillaumin determined the amount of free uric 
acid in the blood after preliminary precipitation as a silver salt and the 
total uric acid directly by the Folin method in the metaphosphoric acid 
filtrate. Chabanier, Lebert and Lobo-Onell,^® employing compensatory 
dialysis, concluded that all uric acid in the blood was free, as it was 

7. Minkowski, O. : Untersuchung zur Physiologic und Pathologic dcr Harn- 
saure bci Saugcthicrcn, Arch. f. cxpcr. Path. u. Pharmakol. 41:375, 1898. 

8. Minkowski, O. : Gicht, in Klemperer, G., and Klemperer, F. : Neue deutsche 
Klinik, Berlin, Urban & Schwarzenberg, 1930, vol. 4, p. 183. 

9. Davis, A. R. ; Newton, E. B., and Benedict, S. R. : The Combined Uric 
Acid in Beef Blood, J. Biol. Chem. 54:595, 1922. Newton, E. B., and Davis, 
A. R. : Combined Uric Acid in Human, Horse, Sheep, Pig, Dog and Chicken 
Blood, ibid. 54:603, 1922. 

10. Peters, J. P., and Van Slyke, D. D. : Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1931, vol. 1, p. 424. 

11.. Bornstein, A., and Griesbach, W. : Ueber das Vorkommen von gebun- 
dener Harnsaure in Menschenblut, Biochem. Ztschr. 106:190-193, 1920. 

12. Guillaumin, C. O. : Sur I’acide urique sanguin. Bull. Soc. cEim. biol. 4: 
177-190, 1922. 

13. Chabanier, H. ; Lebert, M., and Lobo-Onell : De I’etat de I’acide urique 
dans le serum sanguin, Compt. rend. Soc. de biol. 87:1269, 1922. 
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entirely dialyzable. Delaville and Jones were the first to use ultra- 
filtration; they determined the amount of free and of total uric acid in 
the serum by ultrafiltration before and after hydrolysis with 3 per cent 
sulfuric acid. Without giving details of their method, they reported for 
the serum of normal persons 70 per cent free and 30 per cent combined 
uric acid; in a single patient with gout and in a single patient with 
cirrhosis of the liver a reversal of this ratio was observed. Achard, 
Levy and Marinowski compared the results of ultrafiltration with 
those of precipitation by trichloroacetic acid; in their brief communi- 
cation they presented conclusions similar to those of Delaville and Jones. 
Kdiouri,^® attacking this problem from a slightly different viewpoint, 
subjected the serum to hydrolysis with tenth-normal sulfuric acid 
before and after precipitation of the proteins with trichloroacetic acid; 
this method did not yield constant values for the free and the combined 
uric acid. 

Von Przylecki, Grynberg and Szrajber studied the combination 
of uric acid with proteins, such as casein, gelatin, albumin and globulin, 
by varying the acidity, the concentration of uric acid, etc. The combi- 
nation of uric acid with these proteins was reversible, with dissociation 
prevailing in the sol state and combination in the gel state. The 
reversibility also depended on the nature of the proteins. Addition of 
such electrolytes as sodium chloride and magnesium chloride led to dis- 
sociation. According to these authors, uric acid may occur in the body 
fluids in three states: molecularly disperse, colloidally disperse and 
bound to proteins. An equilibrium exists among these three states 
depending on the colloidal state of the protein, the degree of dispersion 
and the presence of electrolytes. In another study, Grynberg and 
KisieL® performed similar experiments with various fats and lipoids; 
there was no binding of uric acid with these substances at pn 7.5 to 8.5. 
Bennhold^ employed the method of electrocataphoresis for the study 


14. Delaville, M., and Jones, M. C. : Le dosage de I’acide urique dans le 
plasma sanguin, Compt. rend. Soc. de biol. 92:522, 1925. Jones, M. C. : Le taux 
de I’acide urique dans le plasma sanguin du sujet normal. Rapport entre I’acide 
urique libre et total, ibid. 93:295, 1925. 

15. Achard, C. ; Levy, J., and Marinowski, Z. : Sur I’acide urique ultrafiltrable, 

Compt. rend. Soc. de biol. 3:366, 1932. ’ 

16. Khouri, J. : Recherches sur I’acide urique libre et les complexes uricogenes 
du serum sanguin. Bull. Acad, de med., Paris 118:291-293, 1937. 

17. von Przylecki, S. J. ; Grynberg, M. Z., and Szrajber, D. : Untersuchungen 
liber die Bindung der Biokolloide: III. Harnsaure-Eiweisskorper Biochem Ztsrhr 
244:190, 1932. 

18. Grynberg, M. Z., and Kisiel, S.; Untersuchungen iiber die Bindune: der 
Biokolloide: VIII, Biochem. Ztschr. 253:146-151, 1932. 


Vehikelfunktion der Bluteiweisskdrper, in Bennhold H • 

IVPV* T 'TilP Tit . « ^ ^ 


19, Bennhold, H. : 

Kylin, E., and Rusznyak, S. : Die Eiweisskorper des Blutplasmas DrLden’ 
Theodor Steinkopff, 1938, p. 255. ’ 
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of free and of bound uric acid. From his experiments he concluded that 
uric acid in the blood is partly free and partly loosely bound to albumin 
and that an equilibrium exists between these two fractions. With 
diminishing concentration of free uric acid, the bound uric acid is set 
free. 

The question as to the colloidal and the bound state of uric acid in 
serum has not been settled by studies of uric acid clearance. Br^chner- 
Mortensen expressed the belief that uric acid in the blood does not 
exist in a colloidal or combined form but that it is a true threshhold 
substance, completely excreted by the glomeruli and probably partly 
reabsorbed by the tubules. Berglund and Frisk,-’- however, assumed 
that part of the uric acid is in a nonfiltrable form, that only the free uric 
acid passes the kidney and that no reabsorption from the filtrate occurs. 
An important point in all these considerations is the dialyzability and 
ultrafiltrability of the uric acid in blood. However, dialysis and ultra- 
filtration represent materially different procedures, and each of them 
is apt to solve different problems (see section on dialysis studies). 

Onl}'- the following reports on the behavior of uric acid during 
ultrafiltration of blood could be found. The exact procedure is not 
described in any of them, and altogether only a few normal subjects and 
a few subjects with a pathologic condition have been investigated. The 
results of Delaville and Jones and of Achard, Levy and Marinowski 
have just been referred to. In a recent paper, Lambie -- presented a 
study of a single case of juvenile gout of obscure origin; ultrafiltration 
of the patient’s serum revealed that only 28 to 37 per cent of the uric 
acid of the plasma was filtrable; however, after splenectomy 63 to 100 
per cent of the uric acid could be recovered in the ultrafiltrate. The 
ultrafiltration was performed with a collodion membrane of unknown 
pore size. In 3 normal subjects used for comparison bound uric acid 
was not found. 

In view of the lack of reliable data, we decided to study the partition 
of uric acid under normal and under pathologic conditions. After a 
series of experiments with dialysis, ultrafiltration was used exclusively 
in the studies reported here. This report deals first with the observations 
on normal subjects and subsequently with those on subjects with 
pathologic conditions, particularly gout and hepatic disease. 

20. Br^chner-Mortensen, K. : On Variations in the Uric Acid Clearance After 
Administration of Purine, with Special Reference to the Threshold Protein, Acta 
med. Scandinav. 99:525-539, 1939. 

21. Berglund, H., and Frisk, A. R. : Uric Acid Elimination in Man, Acta med. 
Scandinav. 86:233-267, 1935. 

22. Lambie, C. G. : A Stud}"^ of Juvenile Gout in a Patient Suffering from 
Chronic Erythronoclastic Anemia of Obscure Origin, Together with Observations 
upon Physical States of Uric Acid in Blood and Effects of Splenectomy, M- J- 
Australia 1:535-558, 1940. 
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METHOD 

The uric acid content of the blood serum was determined by the method of 
Benedict with the modification of Brown.^^ The blood proteins were removed 
by precipitation with tungstic acid. We agree with Jacobson and others that 
the determination of uric acid in serum is preferable to that in whole blood. 

The partition of uric acid was studied by ultrafiltration. In the tables the 
figures for free uric acid signify the acid in the ultrafiltrate, whereas those for 
bound uric acid represent the difference between the uric acid content of the tungstic 
acid filtrate (total uric acid) and the free uric acid. The following method of 
ultrafiltration was employed: Fresh serum was filtered through a “600” cello- 
phane membrane at a pressure of 80 pounds (36 Kg.) of nitrogen per square inch 
(6 sq. cm.). The apparatus used was designed and built by Mr. J. Vondrak, of 
these laboratories (figure). We found it imperative to work under uniform condi- 



Apparatus for the ultrafiltration of serum. Circular filters consisting of 
cellophane disks resting on metal sieve plates are situated at the bottom of four 
hermetically sealed heavy glass cylinders (inside diameter 29 mm.). The pressure is 
supplied from the tank of nitrogen conveniently placed in a horizontal position behind 
the cylinders. The arm leading from the tank to the manifold is supplied with a 
needle valve and a pressure gage. The filtrate drips into the graduated conical 15 cc. 
centrifuge tubes, which are held in position in the loosely stoppered 50 cc. cen- 
trifuge tubes. A case with heavy wired glass, fitting over the manifold and the 
four ultrafilters, is omitted in the photograph. 

tions as far as the following factors were concerned: (a) duration of filtration 
(6) amount of serum and of filtrate used and (c) handling of filtrate. 

(a) To evaluate the time factor, specimens of the same sample of serum were 
filtered seven to sixty-five hours. The filtrates obtained in the course of seven 
to twenty-four hours showed practically identical composition, whereas filtrates 

23. Brown. H.; Uric Acid in Blood, J. Biol. Chem. 68:123-133, 1926. 

24. Jacobson, B. M.; The Uric Acid in the Serum of Gouty and Non-Goutv 
Individuals, Ann. Int. Med. 11:1277, 1938. 
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obtained after twenty-six to sixty-five hours varied considerably in uric acid con- 
tent, for reasons not definitely determined. On the basis of these tests, all ultra- 
filtrations were carried out for eighteen to twenty-four hours. During this time 
an amount sufficient for uric acid analysis in duplicate is obtained. 

(fi) The smallest possible amount of serum had to be used because in some 
of these investigations a sample of blood had to be taken daily from the same 
subject, and in some instances, several times in the course of one day. Four 
cubic centimeters of serum proved sufficient to jdeld 1.5 cc. of ultrafiltrate within 
eighteen to twenty-four hours. 

(c) The ultrafiltrate obtained under the aforementioned conditions is a slightly 
cloudy and turbid fluid. A series of tests was performed to determine the nature 
of the cloudiness and the influence of this factor on uric acid analysis. Biuret 

Table 1. — Effect of Centrifuging on the Uric Acid Content of Ultrafiltrates of 

Human Serum 


Uric Acid in the Ultrafiltrate, 
Mg./lOO Oc. 


Subject No. 

Mg./IOO Co. 

Supernatant Huid 

Sediment 

401 


2.9 

5.2 

402 


2.3 

4.1 

403 


3.1 

4.8 

Table 2.- 

-Effect of the Addition of Chloroform on the Uric Acid Content of 


Ultrafiltrates of Human Serum 




Uric Acid in the Ultrafiltrate, 



Mg./IOO Cc. 


Total Uric Acid, 

Without 

With 

Subject No. 

Mg./IOO Cc. 

Chloroform 

Chloroform 

404 


4.2 

4.0 

405 


4.8 

4.4 

406 

5.7 

4.4 

4.1 

Mixed serum.. 


4.8 

4.7 


and sulfosalicylic acid reactions of the filtrate were negative. Microscopic exam- 
ination revealed numerous saproph 3 dic bacteria as cause of the turbidity. It was 
possible to centrifuge them off and thus to obtain a clear supernatant fluid. How- 
ever, the uric acid content of this supernatant fluid was considerably lower than 
that of the residue. Table 1 illustrates the results of centrifugation. It is there- 
fore imperative to avoid centrifuging and, on the contrary, to stir up the ultra- 
filtrate, thus providing equal distribution of the uric acid. 

In a group of experiments we tried to prevent the growth of bacteria in the 
ultrafiltrates and compared the uric acid content of sterile ultrafiltrates and that 
of unsterile controls of the same sample of serum. The first series was performed 
with the addition of 1 to 2 drops of chloroform to the ultrafiltrate. The chloro- 
form had no effect whatsoever on the growth of bacteria, but there was a small 
decrease of uric acid ‘content in the chloroform-containing specimens (table 2). 
Instead of using other disinfectants to prevent bacterial growth, we examined a 
series of serums under sterile conditions. The sterility was tested at every step 
of the procedure. The sterile ultrafiltrates were water clear and showed no 
sediment after centrifuging. The nonsterile ones appeared mildly cloudy, as just 
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described. This proved that the cloudiness ol the ultrafiltrates is due to bacterial 
growth and can be prevented by sterile handling. It is evident from the results 
summarized in table 3 that the nonsterile controls contained the same amounts 
of uric acid as the sterile ultrafiltrates, provided the former were not centrifuged 
prior to analysis. 

The presence of bacteria in the ultrafiltrate does not interfere with the deter- 
mination of uric acid. Precautions for maintaining strict sterility may thus be 
omitted as superfluous, besides being time-consuming and injurious to the per- 
meability of the membranes. 

DIALYSIS STUDIES 

Three samples of serum, with a uric acid content var 3 dng from 3.7 • 
to 8.4 mg. per hundred cubic centimeters, were dialyzed in cellophane 
bags from two to four days against running tap water. Lithium urate 
was added in varying amounts to a specimen of each sample, raising the 
uric acid content before dialysis to 10.7, 14.0 and 24.5 mg. per hundred 

Table 3. — Effect of Sterilisation on the Uric Acid Content of Ultrafiltrates of 

Human Serum 


Dxic Acid in the Ultrafiltrate, 
Mg./lOO Cc. 

Total Dric Acid, , » 


Subject No. Mg./lOO Cc. Nonsterile Sterile 

407..,.. 2.9 2.4 2.4 

408 4.3 3.6 3.7 

409 5.2 6.0 4.9 

Mixed serum 5.8 5.3 6.3 


cubic centimeters. After dialysis, no uric acid was found in the original 
samples or in the specimens in which the uric acid had been increased. 

In a separate experiment a normal subject received 480 mg. of uric 
acid by intravenous injection; specimens of blood were drawn before 
the injection and one-half hour and three, six and twenty-four hours 
afterward. The uric acid content rose from 4.3 to 8.0 mg. per hundred 
cubic centimeters half an hour after the injection and gradually dropped 
to 6.7, 6.0 and 5.0 mg. per hundred cubic centimeters, respectively, in 
the subsequent specimens. In all five specimens the uric acid was com- 
pletely removed on dialysis, or traces of less than 0.04 mg. per hundred 
cubic centimeters remained after twenty-four hours. 

It was mentioned in a preceding paragraph that the equilibrium 
between free and combined uric acid is labile and can easily be disturbed 
by various factors, e. g., dialysis. Apparently, dialysis removes first the 
available free uric acid. This disturbs the equilibrium, and more uric 
acid is liberated, becomes dialyzable and is removed in turn from the 


25. Visking sausage casing. 
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serum. Hence, dialysis is not suitable for the study of uric acid partition 
in protein-containing fluids (compare the statement of Freundlich and 
Farmer-Loeb ®). 

URIC ACID PARTITION IN NORMAL HUMAN SERUM 

The range of the total uric acid and the ultrafiltrable and the non- 
ultrafiltrable fractions was established by a series of determinations on 

Table 4. — Uric Acid Partition in Normal Subjects 


Uric Acid Partition 





Total 

, * 

"'""V 

Bound 




Uric 


Non- 

Uric Acid, 

Sub- 



Acid, 

Filtrable, 

filtrable, 

Percentage 

ject 



Mg./ 

Mg./ 

Mg./ 

of Total 

Ko. 

Condition 

Date 

100 Cc. 

100 Cc. 

100 Cc. 

Uric Acid 

1 

Duodenal ulcer 

2/20/41 

4.2 

3.8 

0.4 

9 



2/25/41 

4.0 

3.3 

0.7 

18 



3/ 1/41 

4.8 

3.8 

1.0 

21 

2 

Old coronary artery occlusion.. 

2/18/41 

6.1 

5.3 

0.8 

13 



2/21/41 

6.8 

5.5 

1.3 

19 



2/26/41 

5.2 

4.3 

0.9 

17 

3 

Congenital heart disease 

2/17/41 

3.4 

2.8 ' 

0.0 

18 



2/20/41 

2.6 

2.2 

0.4 

15 



2/25/41 

3.0 

2.5 

0.5 

17 

4 

Duodenal ulcer 

2/18/41 

4.1 

S.O 

0.8 

19 



2/21/41 

6.2 

5.2 

1.0 

16 

5 

Normal 

9/ 9/40 

5.7 

4.4 

1.3 

23 



1/13/41 

5.2 

4.1 

1.1 

21 

6 

Normal 

9/13/40 

5.1 

3.9 

1.2 

24 



3/ 1/41 

4.0 

3.2 

0.8 

20 

7 

Obesity 

3/ 5/41 

5.2 

4.2 

1.0 

19 



3/19/41 

5.0 

3.9 

1.1 

22 

8 

Duodenal ulcer 

9/ 8/40 

4.8 

4.4 

0.4 

s 

9 

Thromboangiitis obliterans 

9/ 8/40 

6.1 

5.1 

1.0 

10 

10 

Postural hypotension 

9/ 8/40 

6.6 

5.8 

0.8 

12 

11 

Typhus CBrilVs disease) 

9/ 9/40 

5.3 

4.4 

0.9 

17 

12 

Normal 

9/ 8/40 

5.0 

5.0 

0.6 

11 

13 

Angina pectoris 

9/ 9/40 

0.0 

4.9 

1.1 

IS 

14 

Arteriosclerotic heart disease... 

9/15/40 

4.7 

4.2 

0.5 

11 

15 

Sinusitis 

9/15/40 

5.5 

4.8 

0.7 

13 

16 

.Arteriosclerotic heart disease. . . 

9/18/40 

5.7 

4.4 

1.3 

23 

17 

Jejunal ulcer 

9/24/40 

4.5 

3.6 

0.9 

20 

18 

Convalescence from pneumonia 

lC/29/40 

4.3 

3 0 

0.7 

16 

19 

Peptic ulcer 

11/ 5/40 

5.2 

5.0 

0.2 

4 

20 

Abortion 

11/ 8/40 

3.4 

3.1 

0.3 

9 

21 

Scleroderma 

12/18/40 

0.8 

5.8 

1.0 

15 

22 

Obesity 

3/ 5/41 

4.6 

3.7 

0.9 

20 

Average 


5.0 

4.2 

0.8 

10 


normal subjects. These consisted of 3 healthy volunteers and of patients 
convalescing from various diseases who were free of clinical symptoms. 
A few suffered from chronic conditions, such as peptic ulcer, obesity 
and compensated heart disease. Six of a total of 22 subjects were tested 
a second time after the experiments recorded in table 4, and in turn, 
3 of these 6 were tested a third time. 

The uric acid content of the serum varies from 2.6 to 6.8 mg. per 
hundred cubic centimeters. Compared with a series of one hundred 
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determinations by Jacobson of uric acid in serum the lowest values 
in the present series are moderately higher than the lowest figures 
reported by this author (1.8 mg. per hundred cubic centimeters), but 
the upper limit is practically the same in both series. The average 
recorded by Jacobson was 4.2 per hundred cubic centimeters, compared 
to 5.0 mg. per hundred cubic centimeters obtained in the present 
investigation. 

The ultrafiltrable fraction of the serum uric acid ranges from 2.2 to 5.8 
mg. per hundred cubic centimeters, with an average of 4.2 mg. The 
nonfiltrable bound uric acid ranges from 0.2 to 1.3 mg. per hundred 
cubic centimeters, with an average of 0.8 mg. Expressed in percentage 
of the total uric acid, the bound uric acid averages 16 in normal subjects, 
with a range from 4 to 24. 

Only in subject 1 the Ijound uric acid ranged from 9 to 21 per cent. 
The percentage of bound uric acid varied less even in much longer 
periods in the other subjects, for instance, from 13 to 19 in subject 2 
and from 20 to 24 in subject 6. The uric acid partition is apparently 
stable in the serum of a given person. 

URIC ACID PARTITION IN PATIENTS WITH MISCELLANEOUS 
P.\THOLOGIC CONDITIONS 

The uric acid partition in patients with various pathologic conditions 
was subsequently examined. We were guided by two viewpoints in 
the selection of subjects ; First, we wished to survey all important disease 
groups, such as pulmonary, cardiovascular, renal and hepatic diseases 
and diseases of the blood, and second, we were interested in conditions 
known to be associated with disturbance of the purine metabolism, such 
as gout, uremia and forms of leukemia. It soon became evident that 
hepatic disease and gout may produce an anomalous picture. Hence, 
larger groups of patients with these diseases were examined and will 
be discussed in subsequent sections. 

Table 5 presents the results of study of these patients with the 
exception of those with gout and hepatic disease. Normal values for 
total, as well as for bound, uric acid were encountered in the following 
patients: 101, with acute cellulitis of the leg; 102, with typical allergic 
bronchial asthma, and 108, with nephrotic hypoproteinemia, with total 
protein values varying from 3.4 to 5.2 Gm. per hundred cubic centi- 
meters and inversion of the albumin-globulin ratio. Four persons with 
diabetes, (patients 114 to 117), 1 with ketosis, showed no abnormalities 
except a slightly elevated bound uric acid ratio of 26 per cent in patient 
116. 

In the following conditions elevated values for total uric acid were 
associated with a normal partition: uremia with marked azotemia 
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(patients 106 and 107), lymphatic leukemia (patients 118, 119 and 120), 
myeloid leukemia (patient 121), myasthenia gravis (patient 125) and 
amyotrophic lateral sclerosis (patients 122, 123 and 124). 

The serum uric acid in patients with exophthalmic goiter behaved 
normally except in a patient suffering from a peculiar form of persistent 

Table S . — Uric Acid Partition in Patients with Miscellaneous Pathologic 
Conditions Other Than Hepatic Disease or Gout 


Sub- 

ject 

No. Condition Date 

101 Cellulitis of leg 10/29/40 

102 Bronebial asthma 10/29/40 

103 Bronchiectasis 11/12/40 

104 Acute coronary artery occlusion 10/29/40 

105 Pyloric obstruction 1/ 3/41 

IOC Uremia 11/17/40 

107 Uremia 11/17/40 

108 Nephrosis; hypoproteinemia.... 11/12/40 

109 Persistent hyperthyroidism 11/24/40 

11/2G/40 

no Exophthalmic goiter 11/27/40 

111 Exophthalmic goiter 12/ 8/40 

112 Exophthalmic goiter 12/ 8/40 

113 Exophthalmic goiter 12/25/40 

114 Diabetes 11/ 8/40 

115 Diabetes 11/ 8/40 

116 Diabetes 12/ 1/40 

117 Diabetes; ketosis 12/18/40 

118 Lymphatic leukemia 12/2/40 

119 Lymphatic leukemia 12/8/40 

120 Lymphatic leukemia 12/25/40 

121 Myeloid leukemia 12/ 2/40 

122 Amyotrophic lateral sclerosis... 11/10/40 

123 Amyotrophic lateral sclerosis... 11/10/40 

124 Amyotrophic lateral sclerosis... 11/10/40 

125 Myasthenia gravis 11/10/40 

126 Multiple myeloma 11/14/40 

11/24/40 

127 Multiple myeloma 4/ 9/41 


Uric Acid Partition 


Total 

Uric 

Acid, 

r~ 

Piltrable, 

V 

Non- 

flltrable, 

Bound 
Uric Acid, 
Percentage 

Mg./ 

Mg./ 

Mg./ 

of Total 

100 Cc. 

100 Cc. 

100 Cc. 

Uric Acid 

4.8 

4.3 

0.5 

10 

2.9 

2.4 

0.5 

17 

7.2 

5.5 

1.7 

24 

7.4 

7.0 

0.4 

5 

4.6 

3.7 

0.9 

20 

8.0 

7.1 

0.9 

11 

15.6 

14.9 

0.7 

5 

4.4 

■ 4.0 

0.4 

9 

5.1 

2.6 

2.5 

49 

5.1 

4.5 

0.6 

12 

6.6 

5.6 

1.0 

15 

5.5 

4.4 

1.1 

20 

3.3 

2.8 

0.5 

15 

6.2 

5.4 

0.8 

13 

2.8 

2.2 

0.6 

21 

3.3 

2.9 

0.4 

12 

5.3 

3.9 

1.4 

'26 

4.4 

3.9 

0.5 

11 

5.7 

4.9 

0.8 

14 

5.6 

4.6 

1.0 

18 

3.1 

2.4 

0.7 

23 

7.2 

5.7 

1.5 

20 

8.0 

7.2 

0.8 

10 

10.5 

8.4 

2.1 

20 

10.5 

8.5 

2.0 

19 

6.9 

6.2 

0.7 

10 

9.8 

6.3 

3.5 

36 

8.6 

5.4 

3.2 

37 

6.1 

5.5 

0.6 

10 


h 3 ^perthyroidism or possibly a hypothalamic lesion, who exhibited active 
symptoms of the disease in association with unusual muscular dis- 
turbances. Because of its peculiarities, a short abstract of the history 
will follow. 

B. M., a 29 year old man, had an episode of polydipsia, diarrhea, a gain of 
100 pounds (45 Kg.) within six months and dropping of the left eyelid eight 
years prior to admission. A year and a half before he followed a strict diet, with 
a loss of 100 pounds in six months. Toward the end of this period he displayed 
sjunptoms of hypermetabolism, and his basal metabolic rate was -{- 60 per cent. 
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After the administration of compound solution of iodine U. S. P- his basal meta- 
bolic rate decreased to + 30 per cent. A subtotal thyroidectomy was performed. 
One month after operation symptoms recurred, with weakness, tachycardia and 
sweating. For the past year and a half he had had attacks of intermittent paral- 
ysis of the upper and lower extremities lasting eight to ten hours. On occasion 
these were accompanied by nausea, vomiting, diarrhea and incontinence. 

On physical examination he appeared well nourished and overactive. Ptosis 
of the left ej'elid, slight exophthalmos, lidlag and stare were present. The blood 
pressure was 140 systolic and 80 diastolic. There was slight nystagmus on look- 
ing to the left. 

Laboratory examination yielded the following data; The blood urea nitrogen 
was 10 mg. per hundred cubic centimeters ; the total cholesterol in the blood, 
155 mg. per hundred cubic centimeters; the esterified cholesterol, 55 mg. per 
hundred cubic centimeters; the result of the galactose tolerance test, 1.1 Gm. ; the 
Wassermann reaction, negative, and the basal metabolic rate, -p 43 and -)- 52 
per cent. 

Inasmuch as thyroidectomy had been almost complete and there was no evi- 
dence of any substernal extension of the thyroid, it was believed that the hyper- 
metabolism was not due to hyperthyroidism but possibly to hypothalamic lesion 
following encephalitis. 

In contrast, 4 other patients with exophthalmic goiter, with and 
without medication with iodine, showed a normal uric acid picture. 

The next to the last patient in table 5 (patient 126) had values which 
showed marked deviation from the normal figures both for total and for 
bound uric acid. A summary of his history follows : 

A 46 year old man had multiple myeloma with loss of weight, pallor and 
bleeding from the gums for four weeks prior to admission. The liver and the 
spleen were enlarged. There was marked secondary anemia, with 2,100,000 red 
cells per cubic millimeter and a hemoglobin concentration of 23 per cent; Bence 
Jones protein was found in the urine. Typical bone changes were observed on 
roentgen examination. 

The serum of this patient was of syrup-like appearance and 
of abnormally high viscosity. The total protein content rose gradually 
from 7.4 to 11.6 Gm. per hundred cubic centimeters, with 3.2 Gm. of 
albumin and 8.4 Gm. of globulin. The total uric acid content was 8.6 
to 9.8 mg. per hundred cubic centimeters, the bound uric acid ratio 
on two occasions being 36 and 37 per cent, respectively. A second 
person (patient 127) with this disease but without hyperproteinemia 
displayed a normal uric acid picture. 

The uric acid partition does not deviate from that of normal persons, 
with the exception of values for the aforementioned patients with atypical 
exophthalmic goiter and with multiple myeloma, the significance of 
which will be discussed later. The total uric acid in the serum is elevated 
in patients with uremia and amyotrophic lateral sclerosis, resulting in 
a comparatively high average value for the entire group given in table 5, 
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namely, 6.2 mg. per hundred cubic centimeters. The bound uric acid 
ratio averages 15 per cent of the total uric acid, which coincides with 
the value given for normal uric acid partition. 

URIC ACID PARTITION IN PATIENTS WITH HEPATIC DISEASE 

Changes of uric acid metabolism have frequently been reported in 
patients with hepatic disease. Robecchi and Muttini reported low 
values for uric acid in the blood of patients with hepatic disease and 
a return to normal figures on clinical improvement. They also observed 
retarded elimination and a dela)'^ed “uric acid curve” in serum after 
intravenous injection of this substance. Similar observations were made 
on patients with gout. On the other hand, Chrometzka ■’ reported high 
figures for uric acid in patients with hepatitis. Br^chner-Mortensen 
found increased values for uric acid in the blood of patients with disease 
of the liver and the biliary system. In those with the severest hepatic 
damage, hyperuricemia did not occur. In spite of a few contradictory 
findings, one gains the impression that obstructive jaundice leads to an 
elevation of uric acid content but that hepatic damage, at least in severe 
degrees, leads to low values. In the present series, a low titer of uric 
acid in the blood was met with only in patients with icterus of long 
duration and possible secondary hepatic damage (carcinoma of the 
pancreas, cholangitis with pylephlebitis). Patients with hepatitis and 
cirrhosis of the liver presented no consistent change in the total uric 
acid content of the blood. 

The present group, summarized in table 6, consists of 28 patients 
with hepatic disease, namely, 8 with toxic hepatitis, 10 with cirrhosis 
of the liver, 3 with carcinoma of the head of the pancreas with obstructive 
jaundice and 1 each with cholangitis, biliary cirrhosis, carcinoma of the 
gallbladder, cholelithiasis with superimposed toxic hepatitis, cholelithiasis 
complicated by suppurative cholangitis and pylephlebitis, lymphatic leu- 
kemia and metastatic carcinoma superimposed on cirrhosis of the liver. 

In the largest subgroup, represented by cirrhosis of the liver, the 
total content of uric acid varies from 2.9 to 7.5 mg. per hundred cubic 
centimeters (patients 208 to 217). The average of 4.6 mg. per hundred 
cubic centimeters is comparable with the normal average of 5.0 mg. 
The uric acid partition in the first 5 patients (208 to 212), having values 
for bound uric acid ranging from 8 to 24 per cent of the total uric acid, 

26. Robecchi, A., and Muttini, C. : Studi sul metabolismo purinico ; il ricambio 
purinico negli epato-pazienti. Arch per le sc. med. 65:475-510, 1938. 

27. Chrometzka, F. : Die zentrale Stellung der Leber im Purinstoffwechsel 
und ihre Bedeutung fuer die Pathogenese der Gicht, Klin. Wchnschr. 51:1877, 
1936. 

28. Brdchner-AIortensen, K. : The Uric Acid in Blood and Urine in Health 
and Disease, Medicine 19:161-229, 1940. 
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may be considered normal. The values for the other 5 patients, 213 to 
217, differ from the normal picture hy at least one hound uric acid 
ratio above 24 per cent during repeated examinations. All these patients 
show in the course of their illness normal figures changing into abnormal 
ones or vice versa. Thus, the value of 27 per cent bound uric acid in 
patient 213 decreased to 7 per cent within one week; the change was 
accompanied hy clinical improvement, probably due to extensive therapy. 
In contrast, patient 215, starting with a normal uric acid partition, 
showed an elevation of the hound uric acid ratio during progressive 
deterioration of the general condition, which led to a fatal outcome. It 
•is impossible to decide on the basis of the present observations why 
patients with cirrhosis may in some instances present these transient 
changes of uric acid partition. One has to consider that the patients 
with normal uric acid partition have been examined only once, with 1 
exception, so that a temporary deviation of the uric acid partition could 
easil}- have been missed. It is plausible that these fluctuations are con- 
nected with episodes of acute exacerbation in the course of the disease. 

In the subgroup of 8 patients with toxic hepatitis the total uric acid 
content ranges between 2.6 and 6.2 mg. per hundred cubic centimeters, 
averaging 4.7 mg., a normal value. In 5 persons (patients 222, 223, 
224, 227 and 228) the uric acid partition is entirely normal, with bound 
uric acid ratios between 1 1 and 21 per cent. Four of these patients have 
been examined during improvement of the general condition and sub- 
siding icterus. The fifth one (patient 227) had long-lasting but mild 
hepatitis. In the other 3 persons (patients 221, 225 and 226) normal 
values for total uric acid are associated with abnormal uric acid partition, 
up to 41 per cent bound uric acid. One of these patients was examined 
three times during the course of her illness. At the height of the disease 
and impairment of hepatic function, a disturbance of uric acid partition 
prevailed, while uric acid partition was normal at the onset and during 
recovery; The present material is too scant to permit definite con- 
clusions as to the relation between hepatic function and uric acid 
partition. 

The next subgroup is represented by 4 persons with malignant 
growths (patients 202, 203, 204 and 205) characterized by icterus of 
long duration, enlargement of the liver and considerable loss of weight. 
In 3 patients the diagnosis was confirmed by operation. In 2 patients 
of this group, the total uric acid is low. The uric acid partition is normal 
only in patient 202 and abnormal in the others, in whom the bound 
uric acid ranges between 31 and 40 per cent of the total uric acid. The 
highest figure, 40 per cent, is found in patient 205, in whom the total 
uric acid is only 2 mg. per hundred cubic centimeters. That low values 
for total uric acid are not necessarily accompanied by relatively high 
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percentages of bound uric acid is evidenced by the values for persons 
without hepatic disease (subjects 3 and 19 in table 4 and patients 102, 
112 and 114 in table 5). The long-lasting icterus and the associated 
hepatic damage must be responsible for the abnormalities of uric acid 
partition in the patients with carcinoma with biliary obstruction. 

Among the other patients with hepatic disease, abnormal uric acid 
partition was observed but twice, once in a patient with suppurative 
cholangitis and pylephlebitis with severe icterus and a low titer of 
cholesterol ester. This patient, who died, had a total uric acid content 
of 2.6 mg. per hundred cubic centimeters and a bound uric acid value 
of 46 per cent (patient 206). The other patient had lymphatic leukemia 
(patient 220) with icterus, which subsided slowly on roentgen treatment 
of the liver. At the height of the disease, the total uric acid was elevated 
to 8.8 mg. per hundred cubic centimeters, and the bound uric acid was 
28 per cent of the total. During recovery, when the icteric index 
decreased rapidly from 40 to 13 units, the total uric acid dropped to 4.8 
mg. per hundred cubic centimeters and the bound uric acid to 21 per 
cent of the total. 

URIC ACID PARTITION IN PATIENTS WITH GOUT 

The significance of uric acid metabolism in the etiology of gout is 
a subject of controversy, but it is generally acknowledged that gout is 
associated with abnormalities of uric acid metabolism. In the course 
of almost two years we were able to observe 10 patients with typical 
gout. A few persons with atypical gout were purposely disregarded. 
The 10 patients selected had a history of periodic attacks of pain, 
particularly in the big toes, with reddening and swelling. They 
responded promptly to a purine free, low fat diet plus administration 
of colchicine. The total uric acid in these patients (table 7) is markedly 
elevated and varies from 5.1 to 16.4 mg. per hundred cubic centimeters, 
the average for all patients being 9.2 mg. per hundred cubic centimeters, 
almost double the average value for total uric acid in the serum of normal 
persons. The high level of the total uric acid is associated with an 
elevation of the free uric acid to 14.4 mg. per hundred cubic centimeters, 
with an average of 7.4 mg. The bound uric acid ranges between 0.1 
and 3.6 mg. per hundred cubic centimeters, with an average of 1.8 mg., 
which is double the average bound uric acid in normal persons. Yet 
in relation to the total uric acid, the bound uric acid averages 20 per 
cent, compared to a ratio of 16 per cent in normal serum. The patients 
in table 7 present a greater variety of values both for the total uric 
acid and for the uric acid partition than does any other group of our 
subjects. 

29. Adlersberg, D., and Ellenberg, M. : Effect of Carbohydrate and Fat in the 
Diet on Uric Acid Excretion, J. Biol. Chem. 128:379-385, 1939. 
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The observation of patients with gout over a prolonged period and 
the correlation of the findings with the clinical course are of interest. 
Patient 301 has been observed for half a year. His total uric acid is 


Taui.e 7. — Uric Acid Partition in Patients zviih Gout 
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301 

d 60 

9/23/40 

10.0 

8.7 

1.3 

13 

Llthopcxy for vesical calculi February 1940; 



11/2S/40 

10.7 

9.4 

1.3 

12 

attacks of pain and spelling of right big 



1/ 2/11 

10.8 

8.2 

2.0 

24 

toe, ankle and elbow for past few years; 



1/ 4/41 

10.4 

9.0 

1.4 

14 

tophi on ears; prompt response to cholchi- 



1/18/41 

11.0 

10.2 

1.4 

12 

cinc 



2/ 0/41 

10.0 

8.3 

1.7 

17 




3/29/41 

11.0 

10.0 

1.0 

14 


301 

d 65 

9/20/40 

13.0 

10.7 

2.3 

18 

Polycythemia for 7 yr.; hemoglobin concen- 
tration, no per eent; red cell count, 7,750,000; 
numerous tophi over most of joints; mul- 
tiple cysts of kidneys with deposition of 
uric acid revealed at necropsy 

303 

d 67 

12/18/40 

7.8 

0.5 

1.3 

10 

History of arthritis of big toe; good re- 
sponse to colchicine 

304 

d 61 

12/23/40 

5.8 

4.0 

1.8 

31 

Pain in feet for 4 yr., with redness 'and 



2/ 7/41 

5.5 

1.9 

3.0 

65 

swelling; later swelling and redness of a few 



3/ 1/41 

5.7 

4.2 

1.5 

20 

finger joints; prompt improvement on anti- 
gout regimen and colchicine therapy 

305 

d 60 

12/29/10 

10.4 

14.4 

2.0 

12 

Redness of skin of several days’ duration, 
with cellulitis; knee swollen, red and painful 
and fever present during observation 

300 

9 60 

1/ 0/41 

5.6 

4.2 

1.4 

25 

Attacks of pain in right knee and both 



2/ 5/41 

0.3 

5.3 

1.0 

10 

shoulders and fingers of both hands, par- 
ticularly the right ones; improvement on 
low purine, low fat diet and colchicine 
therapy 

SO- 

9 Oi 

1/12/11 

0.0 

4.4 

1.0 

27 

Pain in right knee and foot; obesity; sud- 



1/21/41 

5.1 

3.4 

1.7 

33 

den pain in right toe, hypertension and 
arteriosclerosis; improvement on gout diet 

SOS 

d 48 

1/13/41 

9.0 

0 1 

2.0 

29 

Pains starting in left big toe, ankle and 
kneo and swelling and redness for 10 yr.; 
tophi in ears; definite improvement on gout 
diet and colchicine therapy 

309 

d 54 

1/ 0/41 

9.5 

7.1 

2.4 

25 

Obesity; pain in left big toe and foot; 



1/24/41 

9.0 

7.5 

2.1 

22 

improvement on therapy with mild mercur- 
ous chloride and sodium bicarbonate; erosion 
of head of fifth left metatarsal for about 
5 mm. (tophus) 

310 

d 34 

4/ 1/11 

10.3 

10.2 

0.1 

1 

Attacks of swelling, tenderness and red- 



4/ 3/41 

10.4 

9.1 

1.3 

13 

dening of left ankle; obesity; improvement 



4/17/41 

9.4 

6.9 

2.5 

27 

on gout regimen 



4/25/41 

9.7 

8.1 

1.0 

17 



considerably elevated, to 10.0 to 11.6 mg. per hundred cubic centimeters. 
The uric acid partition is fairly constant, the bound uric acid being 1.3 
to 1.7 mg. per hundred cubic centimeters, or 12 to 17 per cent of the 
total uric acid. Only on one occasion, during an attack of gout, was 
there an elevation of the bound uric acid to 2.6 mg. per hundred eubic 
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centimeters, or 24 per cent of the total uric acid. On initiation of 
colchicine therapy the symptoms promptly subsided, and two days later 
and thereafter the uric acid partition was normal. The elevation of the 
level simultaneously with the attack is of interest, although the value of 
24 per cent bound uric acid falls just within the upper limit of normal. 

Patient 304 was examined three times. During the whole period 
he was never completely free of symptoms. Although the total uric 
acid content was normal, the uric acid partition was abnormal, particu- 
larly on the second examination. On this occasion the patient had only 
1.9 mg. of free uric acid, as against 3.6 mg. of bound uric acid, per 
hundred cubic centimeters. The bound uric acid represented 65 per cent 
of the total uric acid, the only instance of a reversal of the ratio. The 
lowest figure for bound uric acid in this patient was 26 per cent. It 
is noteworthy that in this patient with typical gout a normal total uric 
acid content was associated throughout the period of observation with 
an abnormal uric acid partition. Patient 307 presents a similar picture, 
normal values for the total uric acid content but an abnormal bound 
uric acid ratio of 27 to 33 per cent. On the other hand, one should 
remember that hyperuricemia, even of an extremely high degree (13.0 
and 16.4 mg. per hundred cubic centimeters) may be associated with 
a normal uric acid partition (18 and 12 per cent, respectively), as in 
patients 302 and 305. 

In the normal group individual constancy of uric acid partition was 
noticed. On the contrary, in a patient with gout, the total uric acid 
content may remain quite constant, while the uric acid partition shows 
considerable fluctuation. This is exemplified by patients 301 and 304 
and, in particular, patient 310. The last-named patient was admitted 
with severe pain in one foot and was given colchicine immediately. 
The first specimen of blood was drawn after four days of treatment and 
yielded a total uric acid content of 10.3 mg. per hundred cubic centi- 
meters, with almost complete absence of bound uric acid ; in other words, 
the entire uric acid content was ultrafiltrable, a unique finding. Three 
days later the bound uric acid had returned to the normal value of 13 
per cent. Because of recurrence of pain a few days later, the patient 
was given cinchophen. The total uric acid content diminished moder- 
atel}’-, and the bound uric acid increased to 27 per cent. After a second 
course of colchicine, the bound uric acid dropped to 17 per cent, with 
no change in the total uric acid content. We surmise that the beneficial 
effect of colchicine on uric acid diathesis is due to lowering of the 
bound, rather than of the total, uric acid titer. 

A review of data on the patients with gout reveals (a) occurrence of 
the highest absolute figures for total, as well as for free and for bound, 
uric acid, (&) absence of parallelism between the degree of hyper- 
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uricemia and the distui'bance of uric acid partition and (c) great 
variability in the amount of bound uric acid, probably connected with 
the clinical course of the disease and with therapeutic measures. We 
wish to emphasize that patients with typical gout, such as patients 304, 
306 and 307, have normal figures for total uric acid but abnormally 
high values for bound uric acid. Under these circumstances the ratio 
may fonn a valuable criterion for the diagnosis of gout. This problem 
is the subject of further studies. 

COMMENT 

Consideration of the entire material presented in this paper permits 
the following statements : Comparatively^ constant uric acid partition is 
a characteristic of the normal blood serum. Among the pathologic con- 
ditions considered, particularly gout and hepatic damage bring about 
disturbance of the uric acid partition, characterized by a diminution of 
the free, and elevation of the bound, uric acid fraction. The liver is 
known to play an important role in purine metabolism; hence, hepatic 
disease may result in disturbances of this metabolic domain. Gout, in 
turn, may be accompanied by signs of hepatic damage. Whatever the 
primary disturbance of uric acid metabolism may consist of in hepatic 
disease, it manifests itself in a change of uric acid partition. Whether 
the analogous variations in persons with gOut are caused by a dysfunction 
of the liver cannot yet be decided. 

The real nature of the bound uric acid in the blood is as yet unknown. 
For the same reason, no further explanation can be offered for the 
elevation of this fraction in the patients with the pathologic conditions 
mentioned. Nevertheless, it is interesting to speculate on possible 
common etiologic factors in hepatic disease and gout. Fui'ther investi- 
gations will be required to establish the place and the importance of 
uric acid partition in clinical diagnosis along the suggested lines. 

SUMMARY 

In 22 normal subjects the nonultrafiltrable (bound) uric acid varied 
between 4 and 24 per cent of the total uric acid content of the serum, 
the average being 16 per cent. There is a certain individual constancy 
of uric acid partition. 

• In 25 patients with' miscellaneous pathologic conditions the uric acid 
partition was normal. Abnormally high values for the nonultrafiltrable 
fraction occurred only in 1 patient with atypical exophthalmic goiter 
and in 1 with multiple myeloma. 

Abnormal uric acid partition was observed in about half of the 
patients with hepatitis, cirrhosis of the liver and prolonged obstructive 
jaundice, also in a patient with suppurative cholangitis and in 1 with 
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leukemia with icterus. A high titer of bound uric acid is not a persistent 
finding in the individual patient with hepatic damage. Clinical improve- 
ment may be associated with a decrease of bound uric acid and vice versa. 

In 10 patients with gout, elevation of total, and correspondingly of 
bound, uric acid prevailed. The bound uric acid varied from 1 to 65 
per cent of the total uric acid content. Gout with extreme hyperuricemia 
may be associated with a normal uric acid partition; on the other hand, 
patients with gout in whom the total uric acid content is not elevated 
may be distinguished by a high bound uric acid ratio. The diagnostic 
significance of such findings is suggested. A possible rdation between 
the clinical course, the therapeutic measures and the bound uric acid 
fraction is discussed. 

Dr. Max Ellenberg and Miss Lena Sharney assisted in obtaining and analyz- 
ing some of the specimens. 
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Gastrointestinal hemorrhage from esophageal polyps is exceedingly 
rare. We wish to present the case of a girl who suffered repeated 
gastrointestinal hemorrhages over a period of five years. The bleeding 
was originally attributed to esophageal varices, but subsequent clinical 
study revealed multiple polyps of the esophagus as the cause of hemor- 
rhage. These polyps were successfully removed by fulguration, which 
rendered the esophagus practically normal, and the patient has been free 
from hemorrhage since this procedure. 

REPORT OF CASE 

The patient, a girl of 10, was first admitted to the pediatric ward in the service 
of Dr. Charles Weymuller on Juh’’ 27, 1935 and discharged on November 3. Her 
illness dated back to 1928, at which time jaundice, abdominal distention and 
engorgement of the veins of the abdominal wall were said to have been present. 
Blood was noted in the stool at that time. The first episode lasted several months, 
after which the patient felt entirely well until May 10, 1935. At this time pallor 
and jaundice were noted, and blood was once again present in the stool. The 
episode was transient, and the patient was well until the day of admission, when 
she complained of dizziness and vomited about half a glass of bright red blood. 
This was preceded by vague epigastric pain, which disappeared after the hematemesis. 

The only other illnesses in the patient’s past history were measles and otitis 
media. 

On examination the patient appeared well nourished but weak and pale. There 
were two decayed teeth. The lungs were normal. The heart was not enlarged; 
the sounds were of fair quality, and no murmurs were heard. The abdomen was 
soft and not distended. There was no tenderness. The spleen was enlarged, firm 
and smooth and was not tender. It was felt 5 fingerbreadths below the costal 
margin. The liver could not be palpated. The extremities were normal. 

The red cell count was 3,200,000 and the hemoglobin concentration 58 per cent. 
The white cell count was 13,600. A differential count showed 87 per cent poly- 
morphonuclear neutrophils and 12 per cent lymphocytes. There were no abnormal 
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cells. The platelet count was 262,500. The percentage of reticulocytes was 1 
The urine was normal. The stool was grossly bloody, and clots were present 
The stool remained bloody as late as July 31, and by this date the hemoglobin 
concentration had fallen to 25 per cent and the red cell count to 1,500,000. The 
white cell count was 62,000, and the differential count was normal The level of 
urea nitrogen in the blood was 24 9 mg. per hundred cubic centimeters, and the 
levels of calcium, phosphorus and sugar were not significantly altered The 
icterus index was 4. Blood continued to be present in the stool and on July 31 
a direct transfusion of 150 cc of blood was given No improvement was noted, 



Fig. 1. — A section of a biopsy specimen taken from the liver. 


and by August 2, air hunger was present and the patient was restless and prostrated 
A soft blowing systolic murmur was heard at the apex. The spleen was still 
palpable. Dulness was noted m both flanks, and a fluid wave was present. Another 
transfusion of 150 cc was ghen. By August 7, a week later, gross blood was 
no longer visible in the stool, but occult blood was still present. The physical 
findings associated with the presence of abdominal fluid were still in evidence 
The patient was placed on liver and iron therapy By August 19 her condition 
had improved considerably. The spleen was still palpable, but the signs of ascites 
were less marked The hemoglobin concentration was 51 per cent and the red 
cell count 2,600,000. The stool still contained occult blood. Steady improvement 
continued, and by September 9 the hemoglobin concentration had risen to /a 
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per cent and the red cell count to 3,620,000. The white cell count was 3,600 
and had ranged between 3,000 and 4,500 for about two weeks. Occult blood was 
still present in the stool. 

The diagnosis at this time was considered to be Banti’s syndrome and hemor- 
rhage from esophageal varices. The patient’s condition was then good enough 
to warrant operation, and this was done on September 19. A left upper rectus 
incision was made, and the spleen, which was fixed by numerous fibrous adhesions 
to tire surrounding tissues, was removed. It was stated in the report of the 
operation that the adhesions were old but moderately vascular. Two small 





Fig. 2. — A section of the spleen. 


accessory spleens measuring about 1 cm. in diameter were also removed. No 
abdominal fluid was found.' The liver appeared grossly normal. A biops}" 
specimen was taken, however. Microscopic study of this specimen (fig. 1) showed 
distortion of structure, cellular infiltration around the smaller ducts and degenera- 
tion of many liver cells. The spleen (fig. 2) showed a general thickening of the 
fine reticulum and also of the larger trabeculae. There was a mild to moderate 
degree of periarterial fibrosis, and the sinuses were distinctly enlarged. 

The patient s postoperative course was uneventful. The stool was first reported 
as giving a negative reaction for occult blood on September 28, nine days after 
operation. On October 1 the patient passed about 8 cc. of dark brown urine, 
which on microscopic examination was seen to be filled with red and with white 
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blood cells. At this time the patient noticed lumbar pain on the right side 
which became severe and radiated to the right loin. There was marked tenderness 
to pressure over the entire region of the right kidney. By October 5, the pain 
had disappeared and no more red cells were seen in the urine, though white 
cells were present for a few days more. By October 11, the patient was asymp- 
tomatic and the urine was clear. From this time on no untoward incidents occurred, 
and on discharge on November 3, 1935, the red celj count was 4,970,000, the hemo- 
globin concentration 78 per cent and the white cell count 11,000. The differential 
count was still normal, as it had been throughout the patient’s hospitalization, though 
a shift to the left had been noted at times. No abnormal cells were seen at any 
time. The clotting time, the results of the fragility test and the bleeding time 
were all within normal range. The diagnoses at the time of discharge were 
(1) Banti’s syndrome, (2) splenectomy and (3) right renal infarct. 

The patient was admitted for the second time on May 19, 1937 and discharged 
on June 10. She was w'ell until the night before entry, when vague epigastric 
distress developed and she felt nauseated. An enema given at this time yielded 
some tarry feces. Two hours after the enema, the patient had a bowel movement, 
and the stool was described as tarry. She rapidly became weak and was brought 
to the hospital the following morning. On examination the patient appeared 
anemic. A systolic murmur was heard at the apex and at the pulmonary area. 
The abdomen was not distended or tender. There was no ascites or venous 
engorgement. The liver and the kidnej's could not be felt. Rectal examination 
showed nothing of note, though some tarry fecal material was seen on the glove. 

The red cell count was 3,340,000 and the hemoglobin concentration was 52 
per cent. The white cell count was 16,400. The differential count was normal. 
A tourniquet test showed no evidence of increased capillary fragility. The clot 
retraction time was four hours. The stool remained tarry until May 21, and on 
this date, the hemoglobin concentration was as low as 44 per cent and the red 
cell count 2,950,000. A brown stool was first noted on May 23. The patient 
improved progressively, and on June 4, the hemoglobin concentration was 61 
per cent and the red cell count was 4,500,000. An esophagram was made on 
June 8; a fairly large constant defect measuring 2 by 1 cm. was noted in the 
distal portion of the esophagus. There were some irregularities in the anterior 
and the posterior portion of the low^er part of the esophagus suggesting smaller 
varices (fig. 3). The patient was discharged on June 10, with the diagnoses of 
Banti’s syndrome and hemorrhage from an esophageal varix. 

The child was symptom free until the night of Jan. 29, 1938, when severe 
cramplike pain suddenly developed in the left lower quadrant of the abdomen. 
On the morning of January 30 she suddenly became nauseated and vomited about 
two glasses of bright red blood containing many clots. She was immediately brought 
to the hospital. The patient appeared listless and pale. The physical examination 
failed to reveal anything different from the results of previous physical examina- 
tions. Marked secondary anemia was again present; the red cell count was 
1,580,000, and the hemoglobin concentration, 26 per cent. The white cell count 
was 26,000, and the differential count showed a shift to the left, with 84 per cent 
neutrophils. The blood urea nitrogen was 20.2 mg. per hundred cubic centimeters. 
The patient gradually improved on supportive therapy, and blood disappeared 
from the stool. A transfusion of 400 cc. of blood was given on February 1. A 
picture of the abdominal wall taken at this same time under infra-red rays showed 
no evidence of increased venous circulation. A roentgenograrn of the chest 
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showed nothing abnormal, and barium sulfate studies of the esophagus once 
again revealed irregularities which were interpreted as varices. 

Due to the patient’s repeated episodes of hematemesis it was decided to operate 
once again in an attempt to prevent further esophageal hemorrhages by ligation 
of the coronary vein. On March 9 an exploration was performed by Dr, E. Goetsch 
through a right upper rectus incision. The peritoneum was opened without difficulty, 
and then numerous adhesions were encountered in the peritoneal cavity. The adhesions 
were so abundant that the abdominal viscera to the left of the midline could not be 
visualized. An attempt was made to visualize the stomach, but after only one 
third of tlie lesser curvature was exposed the procedure was abandoned because 
of the numerous vascular adhesions. The liver was noted to be slightly enlarged 



Fig. 3.— A roentgenogram of the barium-filled esophagus, demonstrating 
translucent areas in the lower portion. 

and somewhat soft. A biopsy specimen was taken and on microscopic examination 
showed mild degeneration. It was decided to do an omentopexy. The omentum 
was freed. A small incision was made in the peritoneum and the posterior rectus 
sheath, and the omentum was then brought through this incision and placed 
beneath the rectus muscle. It was felt that the absence of free fluid, the rather 
normal appearance of the liver and the absence of dilated veins were not consistent 
with the diagnosis of Banti’s syndrome. The patient’s postoperative course was 
uneventful, and she was discharged on March 23, 1938. The final opinion was 
undiagnosed disease and hemorrhage from an unknown cause. 

The patient’s next admission was on Aug. 28, 1939, on which day severe 
cramplike pain developed in the right lower quadrant of the abdomen associated 
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with nausea. There was no vomiting. The abdomen was somewhat distended. 
The percussion note was tympanitic, and borborygmus was present. There was 
no spasm, but tenderness was present just below and to the right of the umbilicus 
on moderate pressure. The red cell count was 5,100,000 and the hemoglobin 
concentration 99 per cent. The white cell count was 23,600. There was a shift 
to the left, with 86 per cent neutrophils. No abnormal cells were seen. A flat 
plate of the abdomen revealed nothing abnormal. It was thought that the patient 
might have either intestinal obstruction or acute appendicitis. The pain, however, 
subsided rapidly, and operation was withheld. Suddenly on September 3 the patient 
cried out and became unconscious. Her skin was pale and cold and clammy. The 
pulse was barely perceptible, and the rate was 130 per minute. The blood pressure 
was 70 systolic and 30 diastolic. Consciousness returned in a few minutes, and 
the patient was unable to say why she cried out. Examination revealed nothing 
of note. However, about one-half hour after returning to consciousness, the 
patient vomited nearly 5 fluidounces (150 cc.) of bright red blood. She was given 
supportive therapy, and one transfusion of 300 cc. of blood. She improved gradually, 
and the stool gave a negative reaction to the benzidene test on September 16. 
She was discharged on September 17. 

The patient had to be readmitted on Jan. 27, 1940 for pain in the right 
lower quadrant of the abdomen similar to that occurring on her preceding admis- 
sion. Examination of the abdomen revealed only moderate tenderness in the 
right lower quadrant. While in the hospital she had several similar bouts of 
pain, all of which subsided rapidly. She was discharged on February 4, with a 
final diagnosis of abdominal pain of unknown cause. 

The patient’s sixth admission to the hospital was on February 28. Two days 
prior to this, she had again had cramplike abdominal pain, and on the night of 
admission she vomited about 1 pint (470 cc.) of bright red blood. Shortly 
after admission she again vomited about 1 pint of blood. She was in shock. 
The blood pressure was 70 systolic and 50 diastolic, and the pulse rate was 116 
per minute. The abdomen was soft and not distended. There were no masses or 
tenderness. The liver and the kidneys could not be palpated. The hemoglobin 
concentration was 49 per cent, and the red cell count was 3,400,000. The stool 
was tarry and gave a positive reaction for blood. Hepatic function tests yielded 
normal results, including the hippuric acid test, the galactose tolerance test and a 
dye excretion test. The patient’s improvement was gradual, and no untoward 
incidents occurred. Barium sulfate studies of the esophagus once again revealed 
the irregularities previously described. Gastrointestinal roentgenograms and a 
barium sulfate enema showed nothing abnormal. It was decided to perform 
an esophagoscopic examination, and if varices were present it was planned 
to have them sclerosed by the method described by Moersch.^ Esophagos- 
copy was performed for the first time on May 20, by Dr. R. L. Moorhead, and 
numerous pale, glistening projections of irregular size and shape were seen 
studding the surface of the mucosa. These were most numerous in the lower 
third of the esophagus. Some of these projections were sufficiently large to 
occlude the lumen. It was the opinion of the operator that these masses were 
polj'ps. Esophagoscopy was again done on June 6, and a biopsy specimen was 
taken. No sooner had the specimen been taken than there was a huge gush 

1. Moersch, H. J. : Treatment of Esophageal Varices by Injection, Proc. Staff 
Meet, Mayo Clin. 15:177 (March 20) 1940. 
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of dark venous blood, and within a few minutes the patient lost approximately 
1,500 cc. of blood. The patient's pulse rose with great rapidity and soon became 
imperceptible, while the blood pressure dropped until it was unobtainable. Respira- 
tions became irregular, and the patient’s condition was grave. Emergency 
measures were instituted. Epinephrine was given. The esophagus was packed 
with gauze from the cardia to the mouth. An infusion of physiologic solution 
of sodium chloride was begun while blood was obtained, and SOO cc. of blood was 
given before the patient left the operating room. The patient was heavily narcotized 
and treated with two further transfusions of 500 cc. each. Nothing was given by 



Fig. 4. — A section of the biopsy specimen taken from an esophageal polyp. 
Note the blood spaces in the squamous epithelium. 


mouth. Her condition improved rapidly, and by June 8, she was able to take fluids. 
On June 10, esophagoscopic examination was again performed. No evidence 
of bleeding was noted, and the sponges which had been used to pack the length 
of the esophagus could not be seen. The report of the histologic picture of the 
biopsy specimen, by Dr. J. N. Pierce, was as follows (fig. 4) : “Gross description: 
The specimen consists of a small fragment of friable, wrinkled, membranous 
tissue less than 1 cm. in size. Microscopic description: In one small area 
approximately two low power fields in size the squamous epithelium lining the 
esophagus is thickened to three to four times its normal width. In the epithelium 
there are thin-walled endothelium-lined spaces distended with blood and accom- 
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panied by a delicate fibrous stroma. There is no penetration of the underlying 
tissue by the epithelium, and the basement membrane is intact.” Dr. Pierce stated 
that he could not make a diagnosis of polyp from the specimen itself and that 
we would have to depend on the gross appearance at esophagoscopy. The 
esophagoscopists were reluctant to secure any more tissue for biopsy after the 
first severe hemorrhage. The decision was made, though not without trepidation, 
to fulgurate as many of the polyps as possible. Thereafter, the patient was 



Fig. 5. — The esophagus after fulguration of the polyps, appearing almost normal. 


operated on sixteen times by Dr. Moorhead and his staff, and the growths were 
gradually fulgurated from the upper portion of the esophagus to the cardiac 
end of the stomach. At the time of discharge on November 22, there was little 
or no evidence of polyposis. 

The patient has remained perfectl}’^ well, and in June 1941 esophagoscopy 
revealed a somewhat dilated and tortuous tract with only three or four growths, 
2 to 3 mm. in size. The esophagram was mainly normal and showed a few 
translucent areas (fig 5). 
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COMMENT 

111 this patient the recurrent gastrointestinal hemorrhages were due 
to multiple polyps of the esophagus. The main proof of this pathologic 
situation rests on the repeated esophagoscopic examinations. The 
specimen of esophageal tissue secured for biopsy is small and does not 
reveal a real polyp. The outstanding finding in the microscopic section 
is the presence of blood vessels in the mucosa itself. Esophageal varices 
are ruled out by the esophagoscopic description of the polyps, the lack 
of portal hypertension and the absence of cirrhosis of the liver. The 
original splenomegaly is hard to explain satisfactorily. Its microscopic 
appearance is not characteristic of any special disease condition. It may 
have resulted from the hepatitis occurring in early childhood. Cirrhosis 
of the liver is ruled out by the absence of hepatic damage and the lack of 
evidence of portal hypertension either clinically or at operation. Thomp- 
son ^ and the members of the Spleen Clinic at Presbyterian Hospital, 
New York, have shown that congestive splenomegaly, does occur in 
some children without cirrhosis of the liver and is due to stenosis of 
the portal vein from a congenital defect. In this group hemorrhage 
occurs from ruptured esophageal varices despite splenectomy. But in 
rare instances the stenosis may involve the splenic vein alone, and the 
patient may be cured by splenectomy. From the description of the 
operation, this does not seem to have been the situation in this patient. 

Multiple polyps of the esophagus are rare, and in only 1 case in the 
literature, to our knowledge, has this condition been complicated by 
hemorrhages. In 1931 Ginsburg^ reviewed this subject. He reported a 
case of his own and described a case reported by Patterson and another 
reported by Kernan. Hunt ^ reported a case of multiple polyps of the 
esophagus in 1937. In all these cases the patients complained of dys- 
phagia, and in none of them was the disorder complicated by hemorrhage. 

Even in the reported cases of solitary hemangioma ® of the esophagus 
the condition has not been complicated by hemorrhage. In 1922 Timbal ® 
described a case of multiple polyps of the esophagus in which the patient 

2. Thompson, W. P. ; The Pathogenesis of Banti’s Disease, Ann. Int. Med 
14:255 (Aug.) 1940. 

3. Ginsburg, L.: Multiple Papillomas of Esophagus; Report of Case 
Arch. Otolaryng. 14:570 (Nov.) 1931. 

4. Hunt, W. M. : Multiple Papilloma of Esophagus : Case Report, Ann. Otol; 
Rhin. & Laryng. 46:752 (Sept.) 1937. 

5. Vinson, P. P. ; Moore, A. B., and Bowing, H. H. : Hemangioma of the 
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A. C. ; Vinson, P. P., and Davis, P. L. : Hemangio-Endothelioma of Esophagus : 
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suffered hemorrhages as a complication. According to this report, 
dj'sphagia developed in a young man aged 25 and several months later 
he suffered a severe hemorrhage from the esophagus. Subsequent roent- 
gen and esophagoscopic investigation revealed a polyp in the upper 
portion of the esophagus and another one in the cardiac portion. The 
patient spontaneously expelled the upper polyp in a vomiting spell. 
Severe necrosis in the specimen prevented a definite microscopic diag- 
nosis, but the findings wevt suggestive of a sarcomatous polyp. The 
polyp at the cardiac end of the esophagus progressed rapidly in size and 
finally produced such severe obstruction that a gastrostomy was neces- 
sary. Hemorrhages from the polyp recurred, and the patient died of 
hypostatic pneumonia. An autopsy was not performed. From the rather 
rapid clinical course and from comparison of the specimen with laryngeal 
pedunculated tumors, the author concluded that the patient had suffered 
from sarcomatous polyps of the esophagus. 

Instances of multiple tumors of the gastrointestinal tract, complicated 
at times by hemorrhage, were reported by Bennecke " in 1906. He 
described numerous submucous cavernomas in the gastrointestinal tract 
of a man aged 52 who died of meningitis. The intestine from the 
duodenum to the rectum showed numerous nodules varying from pin- 
head to large bean size. They looked like varicose enlargements. The 
esophagus and the stomach had similar nodules. They were submucous 
in location, and while they were less numerous than in the intestine, they 
were larger. Microscopic examination demonstrated that the condition 
• was due to enlargement of the submucous veins similar to the congenital 
deformity noted in cavernoma of the liver. Bennecke called the condition 
cavernous phlebectasia. He stated that 20 cases of similar abnormality 
had been described in the literature, and while in most of them the con- 
dition was asymptomatic, he referred to a report describing fatal internal 
hemorrhage in 2 children suffering from the condition. 

The differentiation of esophageal polyps from esophageal varices by 
roentgen study of the esophagus after the instillation of barium sulfate 
is difficult. Buckstein ® stated : 

The essential finding in the roentgen demonstration of esophageal varices is 
therefore the presence of rounded translucent areas, bead-like in appearance and 
involving usually the distal portion of the esophagus. There may be momentary 
variation in the appearance of these areas primarily as a result of peristaltic 
activitJ^ 

Polyps also appear as translucent areas in the lumen of the esophagus 
on roentgen study after the instillation of barium sulfate, and they are 

7. Bennecke, H. : Ueber kavernose Phlebektasien des Verdauungstraktus, 
Virchows Arch. f. path. Anat. 184:171, 1906. 

8. Buckstein, J. : Clinical Roentgenology of the Alimentary Tract, Philadel- 
phia, W. B. Saunders Companj"-, 1940, p. 60. 
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more prominent in the lower portion of the esophagus. No variation in 
the appearance of the translucent areas in the different roentgenograms 
was noted in the esophageal roentgen studies of the polyps in our case. 
This might be used as a point in the differential diagnosis of esophageal 
polyps and esophageal varices by roentgen study. 

SUMMARY 

A case is reported of massive recurrent hematemesis of five years’ 
duration in a girl of 15. The condition apparently began as hepatitis 
with splenomegaly and was temporarily controlled by splenectomy. 
Although the liver showed no evidence of permanent damage and there 
was no increase in portal pressure, the hemorrhages recurred. Eso- 
phagoscopy ultimately revealed the presence of multiple polyps, which 
were removed by fulguration, with the recovery of the patient. 

The small specimen obtained for biopsy, the taking of which was 
complicated by a severe hemorrhage, was unusual in that it presented 
numerous blood spaces in the thickened squamous epithelium. 

In a review of the literature there was found but 1 other instance of 
hematemesis due to esophageal polyps. 
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The disruptive effects of the war on scientific study will soon be 
evident in the amount, quality and character of contributions dealing 
with infectious disease. Far-reaching changes in viewpoint and interests 
are also bound to occur incident to the transportation of troops to remote 
places of the earth, each with their special variety of infections in addition 
to the usual ones. Medical officers going to tropical regions will be 
obliged to familiarize themselves with infectious diseases which occur 
more commonly there, such as malaria, the dysenteries, yellow fever, 
dengue, cholera, melioidosis, protozoal and metazoal diseases, and the 
discomforts and dangers of various insect bites. Likewise, numerous 
other diseases will be encountered, particularly smallpox, tetanus, plague, 
typhus fever, kala-azar and relapsing fever, most of Which the average 
physician in the United States has never seen. 

Physicians who remain at home will have to learn to recognize and 
treat many of these infections in returned troops who have them either 
in active or in chronic form or who may be healthy carriers in whom the 
disease may develop or relapse after months or years of latenc)L In any 
event, it may be predicted that interest in exotic diseases will increase 
and many more contributions concerning them will begin to appear in the 
literature. 

Aside from the exotic infections, epidemics of influenza, meningitis, 
typhus, dysentery, typhoid, the acute exanthems, mumps, venereal dis- 
eases and other infections will no doubt occur among large troop con- 
centrations and especialty among civilian populations harassed by 
poverty, vermin, hardship and starvation. Typhus is indeed already 
active in many parts of Europe, especially in the endemic centers m 
southeastern Europe and Spain and even in Germany among Russian 
prisoners of war. 

From the Jefferson Medical College Hospital. 
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CHEMOTHERAPY 

Chemotherapy with sulfanilamide and various derivatives was again 
the subject of many papers published during the year. No strikingly 
new facts or changes in opinion are evident, but it seems that the usual 
wave of overentliusiasm incident to the use of new remedies has passed 
and that the stage of realism has arrived. Numerous controlled studies 
have confirmed the value of some of the compounds in treating diseases 
like pneumococcic pneumonia, which need not be reviewed here ; others 
leave the value of chemotherapy of certain infections doubtful, and still 
others report no beneficial effects at all in the treatment of the diseases 
studied. 

Pneumococcic Empyema . — A summary ^ of recent publications shows 
that the incidence of empyema after pneumococcic lobar pneumonia has 
been reduced from 5 to about 1 per cent since the advent of therapy with 
sulfanilamide and various derivatives. Although the incidence is less, 
when empyema does occur after pneumonia in which treatment is with 
this type of compound it is apt to be atypical and more difficult to cure. 
Once the pneumonia has been controlled, such therapy should be dis- 
continued even when pus has accumulated, since continued therapy is 
useless. Surgical drainage is necessary. 

Subacute Bacterial Endocarditis . — Almost all reports on this disease 
reflect pessimism over the results obtained with the ’ chemotherapeutic 
methods used at present. Willius,- for example, finds but little con- 
vincing evidence to increase one’s optimism. Many reported cures he 
believes occurred in cases of doubtful or unproved disease. Similar 
views are expressed by Kinsella.^ An example of the confusion in 
bacteriologic diagnosis which may arise is illustrated in one report^ of 
a cure supposedly obtained in a patient whose infection was most likely 
caused by, or associated with, alpha hemolytic streptococci, not with 
Streptococcus viridans.*^ 

Poston and Orgain ° studied the bacteriostatic effect of sulfanilamide 
and various derivatives on twenty-five strains of Str. viridans. The 

1. Burford, T. H., and Blades, B.: The Influence of Sulfonamide Therapy on 
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growth of most strains was inhibited by the drugs in vitro ; that of three 
was inhibited to a considerable extent, and seven strains were not 
affected at all. The study indicates that different strains vary greatly 
in their susceptibility to the compounds used. 

A few clinicians still advocate further trial with combination therapy 
using heparin and sulfanilamide or one of its derivatives,'^ but others ® 
feel that heparin should no longer be used according to the technic 
originally advised. General opinion® seems to favor further experi- 
mental therapy with sulfanilamide and its derivatives now in use and 
continuation of the trial of newly synthesized compounds in the hope 
that an efficient one will be found. 

Osgood ®® reports favorable results in the treatment of subacute 
bacterial endocarditis with neoarsphenamine. 

Staphylococcic Infections. — ^Torrey, Julianelle and McNamee ques- 
tion the high degree of success reported by others in the chemotherapy 
of staphylococcic septicemia. In many cases of “cure” it is possible that 
staphylococci were transient and innocuous in the circulation. While in 
certain cases chemotherapy may be helpful in controlling the infection, 
it is not, the authors believe, strikingly helpful in the majority of cases of 
genuine staphylococcic septicemia. In their own series of cases, in which 
treatment was with sulfanilamide and some of its derivatives, the mor- 
tality rate was 67 per cent, or about the same as in many previously 
reported cases in which such compounds were not used. 

In treating staphylococcic osteomyelitis Hoyt and his associates 
obtained better results with sulfathiazole (2-[paraaminobenzenesulfon- 
amidoj-thiazole) therapy alone than with surgical treatment in addition. 
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They cite the dissenting opinion of Melton,^" who states that sulfathiazole 
in his experience did not lessen the need for surgical intervention oi 
check the progress of suppuration. Melton also is unenthusiastic 
about the effects of the drug in the treatment of staphylococcic pulmonary 
infections. Sulfathiazole failed to cause a significant response in 3 of 
4 cases, yet the patient recovered in each case. 

MichaeP'^ reports 5 cases of staphylococcic pneumonia following 
infection with influenza A virus. In 4 cases treatment was with sulfa- 
thiazole, and in 1 case the patient died. The author believes that 
sulfathiazole is indicated in the treatment, but a perusal of evidence 
given in his charts is not convincing. In 2 cases the drug was given 
in large doses for six days, without influence on the course of the disease. 
In both cases, the drug was stopped and improvement occurred later. In 
1933 I reported 6 cases of staphylococcic pneumonia, with recovery in 4 
without chemotherapy. Thus far too few cases have been studied with 
sufficient control to assure one of the value of treatment with sulfanil- 
amide derivatives. 

From experimental studies Kolmer and Brown conclude that the 
results of chemotherapy of staphylococcic infections are still unsatis- 
factory as compared with the effects obtained in infections caused by 
hemolytic streptococci or by pneumococci. 

Meningitis . — The chemotherapy of meningitis caused by meningo- 
cocci, hemolytic streptococci, pneumococci, influenza bacilli, staphylococci 
and other organisms has been so recently reviewed by Finland and 
Dingle^® that further comment is unnecessary here. They point out 
the beneficial effects of such treatment obtained in most cases of infection 
caused by these bacteria. They show, however, the disappointing truth 
that the curative effects of chemotherapy of pneumococcic meningitis 
are not as good as many reports seem to indicate. The present mortality 
rate in cases in which chemotherapy is employed is nearer to 80 per cent 
than 35 per cent, as previously claimed. 

Scarlet Fever . — Top and Young found but little difference in the 
results of treatment of scarlet fever with sulfanilamide, convalescent 
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serum or antitoxin. Both serum and antitoxin gave slightly better 
results than sulfanilamide. 

Rheiwiatic Fever. — In opposition to two previous favorable reports 
Stowell and Button do not recommend the use of small doses of 
sulfanilamide given over long periods to prevent infections with 
hemolytic streptococci, which so often precede an attack of rheumatic 
fever. In about half the children they treated signs of toxicity developed. 
To be of consistent value the drug would have to be given annually 
during the winter months until the patient is 17 or 18 years of age. 

Hopkins failed to obtain any beneficial effects in the treatment with 
sulfanilamide or sulfapyridine (2- [paraaminobenzenesulfonamido] -pyri- 
dine) of 12 patients with rheumatic fever and 49 with streptococcic 
tonsillitis. Streptococcic tonsillitis developed in 2 patients undergoing 
intensive treatment with sulfapyridine. 

Bacillary Dysentery and Typhoid Fever. — Favorable reports continue 
to appear on the treatment with sulfaguanidine (sulfanilylguanidine) of 
patients with acute bacillary dysentery and of carriers of dysentery 
bacilli. Anderson and Cruickshank report good clinical results and a 
diminution of the convalescent carrier rate. Hardy and his associates 
had excellent results in the treatment of infection caused by the Flexner, 
the Newcastle and the Shiga type of bacillus. The carrier state seldom 
exceeded five days. Sulfaguanidine, contrary to other previous and less 
favorable reports, proved of value in ridding carriers of the bacilli and 
may serve as an important epidemiologic measure in this respect. Rantz 
and Kirby rid 9 of 11 carriers of bacilli, and in the 2 instances of failure 
the organisms were not typical Flexner bacilli. In one study on chil- 
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dren with acute diarrheal disease sulfathiazole was used with success 
in treating those whose stools contained Flexner and Sonne dysentery 
bacilli but not in treating the rest. The drug was also effective in pre- 
venting the carrier state in convalescent patients. 

Sulfaguaiiidine was used effectively in clearing a colony of mice of 
most carriers of an enzootic Salmonella infection.^^ 

Hall-^ had no success in treating 20 patients with typhoid fever. 
Sulfaguanidine did not decrease the duration or the intensity of the 
disease or clear the stool of t 3 ’'phoid bacilli. The same number of com- 
plications occurred as in 20 untreated patients. Similar results were 
reported by Watt and Peterson,-^* Cutting and Robson state that 
there is no dependable or efficient curative drug for treating typhoid 
carriers. Six carriers studied by them were not cured by treat- 
ment with hydroxyphenothiazone (thionol), phenothiazine, soluble 
iodophthalein, sulfaguanidine or sulfadiazine (2-[paraaminobenzene- 
sulfonamido] -pyrimidine). Cholec^^stectomy also fails in a considerable 
number of cases. Similar results were reported by another group of 
investigators.^® Sulfaguanidine failed to eliminate typhoid bacilli from 
the stool in 5 carriers. Oral treatment with soluble iodophthalein in 
65 cases in whiph typhoid bacilli were present in the bile rendered the 
bile sterile in 32 per cent but freed the stool from the bacilli in only 
8 per cent. 

Cholera . — According to Griffitts,'®“ sulfathiazole, sulfadiazine and 
sulfanilamide inhibited the growth of Vibrio cholerae in vitro. Sulfa- 
thiazole, sulfadiazine, succinyl sulfathiazole and sulfaguanidine given intra- 
gastrically were effective in the treatment of mice experimentally infected 
with V. cholerae. 

A group from the Mayo Clinic gives an unenthusiastic report 
of sulfaguanidine treatment of various types of chronic ulcerative colitis 
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not due to Endamoeba histolytica, Mycobacterium tuberculosis or the 
virus of lymphogranuloma venereum. While “many” patients apparently 
were helped by sulfaguanidine, the authors conclude that the place of 
the drug in the treatment of ulcerative intestinal disease has not been 
established but that its value in the therapy of some intestinal diseases 
“seems definite.” 

As may be expected, attempts are being made to synthesize a com- 
pound better than sulfaguanidine for the treatment of intestinal infec- 
tions. In testing a number of drugs Poth and Knotts found that 
succinylsulfanilamide and succinylsulfathiazole were effective experi- 
mentally. The latter drug was tested in a number of patients with 
various intestinal diseases. In 95 of 100 cases the intestinal flora, 
particularly of colon bacilli, was greatly altered. 

Virus Diseases . — Sulfanilamide and some of its derivatives had no 
influence on experimental infection with vaccinia, smallpox or western 
equine encephalomyelitis.^® Although chemotherapy apparently pre- 
vented death of animals infected with the virus of lymphogranuloma 
venereum,®^ the effects were not always curative. Similar results were 
obtained by Rodaniche.®- Chemotherapy influenced the disease in mice 
favorabl}^, but the virus persisted in the brain. Because of the apparent 
effect of the drugs on the virus of lymphogranuloma venereum, Rake, 
Jones and Nigg®® tested chemotherapeutic agents on the related viruses 
of mouse pneumonitis and mepingopneumonitis. The effect of chemo- 
therapy on the viruses of lymphogranuloma venereum and mouse 
pneumonitis, in addition to their apparent particulate nature, suggests 
to the authors that these infectious agents and also the one causing 
psittacosis are not true Auruses. 
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Miscellaneous Injections. — In cases of filariasis sulfapyridine 
controlled lymphadenitis which was probably caused by secondary 
streptococcic infection but bad no effect on the filarias in the blood 
stream. Sulfadiazine had a beneficial efifect in reducing the number 
of Haemophilus pertussis organisms in inoculated mice.®° Hinshaw and 
Feldman present further evidence of the favorable effect of sodium 
p, p' - diaminodiphenylsulfone - N, N' - didextrosesulfonate (promin) on 
experimental tuberculosis in guinea pigs. All of the untreated control 
animals died, while 84 per cent of 80 treated animals remained well. 
Coggeshall, Maier and Best used this compound and sulfadiazine in 
the treatment of malaria in human beings caused by Plasmodium vivax 
and by Plasmodium falciparum and obtained definite curative effects in 
most cases. It appears, therefore, that compounds unrelated to quinine 
or atabrine may be valuable antimalarial agents, but they should at 
present only be regarded as substitutes and not used in preference to 
older drugs. 

Sulfathiazole seemed to be of benefit in the treatment of 7 patients 
with infectious mononucleosis,®*’ but the number tested is too small to 
convince one of its value. 

Untoward Effects. — In discussing the advantages of any form of 
treatment it is always necessary to consider its harmful effects as well. 
A number of newly recognized untoward effects have been reported, 
some in experimental animals and others in patients. For example, sulfa- 
guanidine caused extensive hyaline sclerosis and calcification of blood 
vessels in young rats.^° In other experiments with rats the drug caused 
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liypertroplty and hyperemia of the thyroid.'^^ French and Weller noted 
interstitial myocarditis in patients in whom the sole common factor was 
the use of sulfanilamide compounds. Similar lesions were caused experi- 
mentally in animals. 

In one study while “drug-fever” developed in only 5 per cent of 
sulfathiazole-treated patients after the seventh day of therapy, 36 per 
cent had fever if the course of treatment was repeated and 80 per cent 
of those who had fever after the second course also had fever after a 
third course. The authors therefore justly advise the use of sulfathiazole 
for the more serious infections only. • 

Although recent experience in Hawaii in the treatment of war 
wounds with sulfanilamide or one of its derivatives was highly satis- 
factory, it must be remembered that in contrast with injuries received 
during trench warfare, these wounds were undoubtedly cleaner. No 
doubt local chemotherapy will be of value even in grossly contaminated 
wounds, but final evaluation is not yet possible. Bick points out that 
sulfanilamide or sulfathiazole applied to wounds of soft tissue and to 
clean surgical incisions delays healing by about 50 per cent and promotes 
scarring. They must be used, nevertheless, in contaminated wounds 
and even when soiling is anticipated. 

Taylor advises against stuffing a “sulfonamide compound” into 
“every cavity, scratch, wound or orifice” on the grounds that “all sulfon- 
amides in common use” are irritant drugs which at times may themselves 
cause abscess formation and peritoneal adhesions. The practice of using 
these chemicals in clean wounds, including appendectomy wounds, is 
questionable. 

Drug Fastness. — According to certain experiments,'^® gonococci 
become sulfanilamide “fast” or sulfapyridine (2-[paraaminobenzene- 
sulfonamido] -pyridine) “fast” relatively easily, but little, if any, tolerance 
for sulfathiazole develops in a test tube. In this respect the gonococcus 
seems to differ from the pneumococcus, which when it becomes drug fast 
to one compound is also drug fast to others. 
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Resistance to sulfanilamide may also develop in hemolytic strepto- 
cocci, according to the study of Hendry The acquired drug fastness 
of the strain studied was unchanged after fourteen subsequent passages 
in mice. 

According to one group of workers,^® sulfanilamide and various 
derivatives have no particular specificity in vitro for different bacteria. 
By using a special ratio involving paraaminobenzoic acid, each of the 
six compounds tested was equally effective in inhibiting growth of a 
variety of bacteria. The authors’ views are supported by some observers 
who noted no particular difference in the effect of sulfapyridine, sulfa- 
thiazole or sulfadiazine in the treatment of pneumococcic pneumonia, 
except, of course, in the difference of the toxic effects of the drugs on 
patients. 

COCCIC DISEASES 

Pneumococcic Pneumonia. — O’Hara calls attention, as I did in the 
annual review for 1940,®° to the stead}'- decline in the death rate of 
pneumonia since 1900. No specific antipneumococcic measures can be 
credited for this favorable trend, which is also present in mortality 
statistics of other infectious diseases. He believes, as I do, that the 
decline in mortality has been brought about by many complex factors, 
including better housing and better nutrition. It is interesting to 
speculate on the possible effect on the mortality curve had sulfanilamide 
derivatives been introduced fifteen or twenty years ago. The striking 
further reduction in mortality rate since 1938 can be unquestionably 
attributed for the most part to chemotherapy. 

The results of a statistical study indicate that the death rate from 
pneumonia in 1940 was about 10 per hundred thousand insurance policy 
holders. It is possible that this low rate may be near the minimum, 
below which it is unlikely that mortality can be reduced. Of the policy 
holders dying from pneumonia, 84 per cent had had chemotherapy, 73 
per cent without additional serum and only 11 per cent with serum. 
Less than 1 per cent had received serum alone. Of the 464 cases of 
pneumonia in which bacteriologic study was done, infection was pneumo- 
coccic in origin in 72 per cent, streptococcic in 5.6 per cent and staphylo- 
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coccic in 2.2 per cent; the causative organism was not identified in the 
others. In the series of cases studied apparently no attempt was made 
to type the pneumococcus supposedly involved in one fourth of the 
cases, against the advice of many authorities who properly urge that 
specific etiologic diagnoses still be made in all cases. 

In reading papers one must not be misled by statements apparently 
reflecting uncontrolled personal experience, such as “In the decade fol- 
lowing the war, the pneumococcus could rarely be found” in pneumonia 
or “During the past decade, pneumococci again have been demonstrated 
with increasing frequency.” Nor is there any evidence aside from 
increasing recognition that “the so-called virus type of pneumonia is 
increasing in frequency.” 

In studying the flora in the nasopharynx of children in an orphanage 
Smillie found type XIV pneumococci to be present in 32 per cent, or 
ten times the usual expectancy, yet pneumonia did not develop in any 
of the children. This gives evidence that an invasive type of pneumo- 
coccus may be widespread without causing symptoms, unless, as later 
happened in some cases, mild infection of the respiratory tract makes 
invasion possible. Of 31 instances of pneumonia, 10 were caused by 
organisms of type XIV ; of 83 patients with a “cold,” 30 carried 
organisms of type XIV, and of 40 healthy children, 10 carried type 
XIV pneumococci in the throat. There was, therefore, no statistical 
significance to the prevalence of the pneumococcus in those sick or well 
in the group studied. 

In a study of the problem of types of pneumococci seventeen “new” 
types in addition to the thirty-two known ones were found. Many are 
subtypes of established types, but nine are distinctive in themselves. Few 
of the newly classified types have much virulence for mice. 

Mjzlrch,®^® of Copenhagen, obtained Walter’s new types from New 
York and reclassified them with his own numerical system. He added 
more new types and subtypes of his own, so that at present sixty-eight 
separate or slightly different types are included in the complicated pattern. 
One wonders if the end will ever be reached. 
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In extending previous observations Frisch and Price report the 
value of examination of sputum as a reliable guide in prognosis and 
therapy in 270 cases. Sputum counts -with pneumococci exceeding 50 
per oil immersion field indicated potentially overwhelming infection. 
Chemotherapy was reserved for patients with 11 to 50 or more pneumo- 
cocci per field, and those patients whose sputum had 10 or fewer 
organisms per field all recovered without therapy. 

In Bigg’s experiments on dogs the injection of small amounts of 
specific soluble substance during experimental pneumococcic pneumonia 
resulted in overwhelming infection, apparently because of impaired 
phagocytosis in the pneumonic area and an inability to localize the 
infection. These experiments confirm earlier ones by Cole and by 
Robertson regarding the deleterious effect of the capsular substance 
in neutralizing specific immune bodies in cases of pneumococcic 
pneumonia. 

According to Wooley and Sebrell,'^’^ mice fed a diet deficient in 
riboflavin or thiamine were more susceptible to fatal infection with 
pneumococci than mice fed a complete diet. The daily additional feeding 
of large amounts of both substances to mice kept on diets deficient in 
the respective vitamins at the time of inoculation did not reduce the 
number of animals dying from the infection. 

Other Forms of Pneumonia. — MichaeP^ reports cases of staphylo- 
coccic pneumonia, in many of which the pneumonia was preceded by an 
attack of influenza, which appeared to be an important predisposing 
factor. Other cases are reported by Caspar.®® A good review of pul- 
monary tularemia, or tularemic pneumonia, with a bibliography and a 
report of 3 fatal cases was made by Kennedy.®® Julianelle reviewed 
the subject of Bacillus Friedlander pneumonia. Two cases of pulmonary 
syphilis, or syphilitic pneumonia, were discussed by Lieu,®^ and the 
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pertinent literature was reviewed. Hegglin discussed cases of a 
peculiar form of infiltration of the lungs, or atypical pneumonia, with 
positive Wassermann reactions. Two cases of pulmonary histoplasmosis 
were presented by Meleney.®^ 

Doubt has been cast on the existence of so-called “rheumatic pneu- 
monia.” Two authors were unable to find Aschoff bodies in the lungs 
in 45 cases. There were many patches of dark red rubbery areas, but 
the lesions were composed of the results of vascular damage, as are 
rheumatic lesions elsewhere. Although the pathologic picture is char- 
acteristic, the authors do not believe it represents a specific pulmonary 
lesion. These conclusions are at variance with several previous publica- 
tions and my own observations, according to which Aschoff bodies, or 
bodies closely resembling them, were present in the pulmonary lesions 
during rheumatic fever. 

According to Wolman and Bayard,®® the nature of the fatty substance 
in the lung in cases of oil aspiration pneumonia can be determined by 
the gross appearance of the lesion, by special staining reactions, by histo- 
logic changes and by fluorescence of the pulmonary lesion. .Tables are 
included in the paper to assist identification. 

“Virus” pneumonia is discussed on page 156. 

Streptococci Injection . — Boisvert ®® points out how important it is to 
identify the type of hemolytic streptococcus causing disease in order to 
determine the source of an epidemic and to control it. In many cases 
he believes failure to determine the type by the Griffith slide-agglutination 
technic may be due to the prozone phenomenon, which may be overcome 
by diluting the typing serum sometimes as much as 1:80. 

Rantz ®' reviews the literature on the typing of hemolytic streptococci 
of the Lancefield group A. There are no types especially responsible 
for scarlet fever. Types 1, 2, 3 and 4 are perhaps more frequent causes 
than other types. Even in a local epidemic several types may be 
prevalent, and as in the case of meningococci, the prevalence of certain 
t 3 'pes in a community changes from year to year. Hemolytic streptococci 
are often found in the throats of health}'- persons, but their tj’pe fre- 
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quency is not correlated with the types causing scarlet fever in the 
same season, and the same t 3 ^pe may cause both scarlet fever and 
tonsillitis. According to various reports, however, the types causing 
scarlet fever and those causing surgical infections are often different, 
and postscarlatinal complications are usually caused by types other than 
those responsible for the scarlet fever. Nevertheless, according to 
Rantz’s own studies, and as one would expect, the type distribution 
of strains from various sources is similar whether they cause otitis media 
or surgical infections or are from excised tonsils. All types appear to be 
similarly affected by sulfanilamide and various derivatives. By the use 
of his technic for typing, 80 to 95 per cent of strains could be classified. 

Touroff made an interesting observation during operation on a 
patient with patent ductus arteriosus and subacute bacterial endocarditis. 
Cultures made simultaneously of blood from the pulmonary artery and 
blood from the aorta showed fewer colonies of Str. viridans in the blood 
returning from the lungs. This provides further evidence that the lungs 
have an important role in filtering bacteria from the circulation. 

Staphylococcic Injection . — As discussed in the section on chemo- 
therapy, staphylococcic infections do not respond to chemotherapy as 
well as infections caused by other organisms; therefore attempts at 
specific therapy are active along other lines as well. Julianelle °° reports 
further studies with the use of type A antiserum. Although in many 
cases in which treatment is with this agent the effects may result from 
nonspecific factors, there is evidence, he feels, of the participation of the 
type-specific anticarbohydrate factor. Serum therapy and surgical drain- 
age are both necessary because of the inability of the serum to control 
localized lesions. The actual evaluation of antiserum, however, must 
await future trial. 

The results of studies on experimental bacteriophage therapy do 
not support the use of this substance in tbe treatment of staphylococcic 
infections. In some cases it was actually harmful. 

Spink and Vivino find that the coagulase test is the simplest and 
most reliable method for differentiating pathogenic from nonpathogenic 
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staphylococci. Strains giving a positive reaction resist the bactericidal 
action of blood and are pathogenic, but even strains which give negative 
reactions and which are ordinarily harmless may on occasion be patho- 
genic and result in fatal infection. Strains giving positive reactions may 
yield negative reactions on subculture, and the reverse may occur, proba- 
bly through the mechanism of bacterial dissociation. 

Meningococci . — Branham and Carlin recall how the types of 
meningococci in a population change from time to time. In 1936, for 
example, 90 per cent of strains were of group I. In 1937 group II 
strains increased to 16 per cent of the total number and in 1938 to 46 per 
cent. In later studies it appeared that yet another strain appeared which 
was a distinct immunologic entity but was still related to group II. The 
new strain comprised about 50 per cent of the strains isolated at 
the time. 

BACILLARY DISEASES 

Dysentery . — Hardy and his associates report excellent results in 
the use of new mediums for the isolation of dysentery bacilli. They first 
used desoxycholate-citrate medium and later found Shiga-Salmonella 
agar even better. The formula of the latter is not given. The full value 
of either of these selective mediums is obtained when the whole surface is 
inoculated with the maximum amount of fecal material which will yield 
isolated colonies. Cultures are best obtained with material procured 
on rectal swabs. 

This technic was applied to samples of stools from a group of 103 
patients with dysentery during convalescence. Eighty-two per cent of 
the patients were found to be carriers. Known convalescent carrier 
states lasted thirty-four days on the average. In another study,'^®’’ of a 
total of over 6,000 persons in the southern states and in Puerto Rico 
who had had no diarrheal disorder, about 4 per cent were found to carry 
Shigella dysenteriae. 

Macumber gives a good resume of his experience with acute 
bacillary dysentery in Panama. The Flexner and the Sonne type, of 
dysentery bacillus were responsible for infection in the 263 cases studied. 
Specific serum therapy did not appear to be helpful. 

72. Branham, S. E., and Carlin, S. A. : Comments on a Newly Recognized 
Group of the Meningococcus, Proc. Soc. Exper. Biol. & Med. 49:141-144 (Feb.) 
1942. 

73. (a) Hardy, A. V.; Watt, J., and DeCapito, T. M.: Studies of the Acute 

Diarrheal Diseases : VI. New Procedures in Bacterial Diagnosis, Pub. Health Rep. 
57:521-524 (April 10) 1942. (b) ’^Vatt, J.; Hardy, A. V., and DeCapito, T. M.: 
Studies of the Acute Diarrheal Diseases: VH. Carriers of Shigella Dysenteriae, 
ibid. 57:524-529 (April 10) 1942. (c) Hardy, Watt and Peterson.^o 

74. Macumber, H. H. : Acute Bacillary Dysentery, Arch. Int. Med. 69:624-6 j 5 
(April) 1942. 



REI MANN— INFECTIOUS DISEASES 


147 


An outbreak in an institution of 238 cases of acute gastroenteritis 
caused by Salmonella typhi murium raised several important points. 
The source was suspected to be roast turkey, and the question was 
whether the birds were sick before they were killed or whether the meat 
was contaminated in preparation by carriers, either human or murine. 
Bacteria may survive and actually multiply in the center of roasted 
flesh or in dressing which is not heated too much to serve as a good 
incubator. Carrier states of infected persons may last for many weeks, 
contrar)'^ to previous opinion that the bacilli disappeared quickly after 
recovery from the disease. 

Infections caused b}? dysenter)^ bacilli spread slowly through a com- 
munity suggesting person to person infection, while outbreaks caused by 
Salmonella are more explosive and without evidence of contact infection. 
In the outbreak just referred to the infection disappeared from the com- 
munity with the termination of convalescent carrier states. 

Typhoid Fever . — Botsford reports a case of cholecystitis caused by 
the typhoid bacillus forty-three years after typhoid fever. There had 
been four intervening attacks of cholecystitis. Although the patient 
undoubtedly excreted typhoid bacilli in her stool, there is no evidence 
that she ever caused infection in others. 

Whitfield resents the implication that typhoid fever is pandemic in 
the southern states because of primitive sanitation. The death rate for 
typhoid in 1940, he points out, is about the same in Mississippi as in 
Connecticut, even less if only the white race is considered. 

Diphtheria . — The problem of malignant diphtheria was discussed 
editorially.'® Since 1927 a “new” highly fatal forrh of diphtheria has 
been encountered in Europe for which the standard prophylactic 
measures and antitoxin therapy were without value. Bacteriologic 
studies soon showed that at least three forms, or types, of diphtheria 
bacilli may cause the disease, namely, the mitis; the intermedins, com- 
monly found in this country, and the gravis, which causes the severest 
infection. In one European epidemic the gravis type caused 96 per cent 
of infections. In studies by O’Meara to determine the reason for the 
failure of antitoxin to influence infection caused by the gravis type it was 
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found that the mitis form produced an antitoxin effective only against 
mild infections. The gravis form produces both exotoxin “A” and 
endotoxin “B,” which together constitute the toxin necessary to evoke 
an antitoxin capable of controlling the infections caused by this form. 
The “B” factor also appears to serve as a vector for a “spreading factor” 
analogous to that produced by certain pathogenic cocci. One reason for 
the failure of commerically prepared antitoxin to influence infections 
caused by the gravis t3'pe seems to be that the anti-“B” component is 
destroyed in the process of manufacture. It is hoped that the selection 
of suitable strains and the proper preparation of antitoxin will serve to 
miminize the threat of this dangerous form of diphtheria. The first 
infections with Bacillus diphtheriae gravis in America appeared in Nova 
Scotia in 1941 but were promptl)'^ checked without evidence of further 
spread. 

Tetanus . — A resume on the treatment of tetanus was published. 
According to Spaeth,'® the gross mortality in 96 patients was 35 per 
cent. No deaths occurred among patients whose temperature remained 
normal, but 69 per cent of those with fever died. This suggests a possible 
bearing of the presence of secondaiy infection in patients who die and 
of the result of the delayed effects of toxin alone in those who recover. 
In the author’s experience sedative drugs were the keystone of treat- 
ment. An average dose of 30,000 American units of antitoxin was given 
but never intrathecally. He regards treatment of the local lesion as 
unimportant. 

Gas Bacillus Injection . — The oveidy enthusiastic views of several 
authors concerning the value of roentgen therapy in the treatment of 
gas bacillus infection provoked timely editorial comment.®® It is pointed 
out that many observers consider roentgen therapy ineffective and find 
no basis whatever for its use in the treatment of infections caused by 
gas bacilli. Well controlled clinical and experimental studies failed to 
show any beneficial influence of such treatment. 

One author ®^ reports 4 instances of infection with gas-producing 
bacilli in diabetic patients, yet in these cases colon bacilli, not Welch s 
bacilli. Avere the cause. The high sugar content of the blood and tissue 
was thought to favor the growth of these bacteria. It is probable that 
the matter is not quite so simpl}’ explained. Another author ®® reports 
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the bacillus Proteus vulgaris as another bacterium able to produce 
infection and gas in diabetic patients. These observations emphasize 
the importance of making etiologic diagnoses. Obviously, infections 
accompanied with the formation of gas are. not all caused by the Welch 
bacillus and should not be treated as such unless they are. 

Tularemia . — Francis and Felton were unable to produce protective 
antibodies against tularemia in the serum of horses, sheep or rabbits, 
although specific agglutinins developed. No evidence of protective anti- 
body was found in “convalescent” human serum. These studies do not 
support the use of antitularemia serum in the treatment of the disease. 

Ey and Daniels cite an example of a hunter and his 3 dogs who 
contracted tularemia from wild rabbits. The dogs acquired the infection 
by ingesting infected rabbit meat and became mildly sick; specific 
agglutinins developed in their blood. 

Pasteurella tularensis may occasionally be cultivated directly from 
the blood of patients on blood-dextrose-cystine agar.®® 

Plague . — Although discussed previously, particularly by Rucker and 
by Jellison, the first proof of the transmission of plague by a bird comes 
from the demonstration of plague bacilli in sticktight fleas removed from 
burrowing owls captured in an epizootic area.®® These fleas also infest 
Cooper’s hawk and domestic fowl and add another complicating factor 
to the epidemiology of plague. 

Creel,®’’ like many others, still feels that plague is spreading eastward 
in the United States and that it could probably have been stamped out 
had proper measures been taken when the diagnosis was made in the 
“first” case. Meyer,®® however, properly questions this concept and 
summarizes the known facts. There is every reason to believe that 
sylvatic plague has been endemic in widespread areas among wild rodents 
on this continent for an unknown period and can never be eradicated 
with the means available at present. Neither is there any reason to 
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believe that plague will ever cause the havoc it did in past centuries, 
unless the complete disintegration of civilization occurs. If measures 
to prevent it must eventually be undertaken at some time, the most 
feasible method is to establish a rodent-free zone around the community 
in question. 

Meyer also points out that there is some encouragement for the use 
of antiplague serum in large doses therapeutically, but that vaccine, 
although it may reduce mortality, has never controlled an outbreak. The 
relative merits of the Haffkine type of vaccine or the live “attenuated” 
bacilli are still unsettled. Another report was made of vaccination of 
more than 2,000,000 subjects with living virulent plague bacilli, without 
harmful consequences. 

Two fatal cases of plague probably contracted from ground squirrels 
occurred in California.®®*'* 

Macchiavello found that plague in Brazil increased with heavy 
rains and decreased with drought and a dispersion of rats from a com- 
munity. High atmospheric temperature also obliges the vector flea, 
Xenopsylla cheopis, to remain in rat nests, thus keeping plague 
subterranean and awa}’’ from human beings until the temperature falls. 
Numerous other epizootic diseases occur with plague in rodents. Sylvatic 
plague has not yet been reported in Brazil. 

In the cases of plague in human beings the disease was generally 
milder than “classic” plague, with less bubonic suppuration and no pneu- 
monia. Other forms in children were characterized by mild transitory 
symptoms. Macchiavello described 9 cases of a “new” clinical type of 
plague called multiglandular fever, characterized by septicemia; fever; 
wasting; anemia; multiple abscesses; a prolonged course, like that pre- 
viously described by Meyer, and a low mortality. A case of combined 
infection with Pasteurella pestis and Pasteurella pseudotuberculosis 
rodentium was included in the series reported by Macchiavello. 

Another case, the sixth, of infection with Past, pseudotuberculosis 
rodentium was reported in the United States. 

Leprosy . — After man)^ previous unsuccessful or supposedly successful 
but unrecognized trials, attempts to transmit leprosy to experimental 
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animals were revived b}^ two investigators. Loving caused chronic 
lesions in rabbits after inoculation with Duval’s chromogenic acid-fast 
strain of Bacillus leprae. Nodules developed at the site of inoculation, 
and bacilli were present in the necrotic areas for as long as eight to nine 
months, Fite inoculated 154 rats with emulsions of lepromatous 
nodules from human beings together with mucin or agar. Of these 
rats, a leprous process developed in 6 at the site of infection after 
eighteen months, 

A fatal case of infection with Bacillus violaceus was reported.®^ 

VIRUS DISEASES 

Colds and Influenza. — Few persons realize the amount of time lost 
through mild infections of the respirator}'- tract. One study of the sub- 
ject, conducted by the American Institute of Public Opinion, shows an 
estimated total of 18,000,000 cases in one week in December. 

Spiesman °° gave massive doses of vitamin A and vitamin D sepa- 
rately to two groups of persons, but no effect either on the prevention 
or on the severity of colds was noted. When the two vitamins were 
combined, however, colds were significantly reduced, though it is hard 
to see why, and one wonders what method of control was used. 

Influenza. — A new strain of influenza virus, different from virus A 
but closely related to virus B, was isolated during an epidemic in 
California.®" Several other epidemic outbreaks were reported. Influ- 
enza A predominated in Boston in the winter of 1940-1941,®® but in 
many cases there was no evidence of infection either with A or with B 
virus, suggesting that still other unidentified agents may be operative. 
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Influenza preceded and apparently predisposed many patients to pneumo- 
coccic and staphylococcic pneumonia. Similar findings were reported 
by Lennette and his associates in fifteen observed epidemics. Influ- 
enza A was causally related to more than 50 per cent of cases ; influenza 
B, to only a few, and in 30 per cent of cases no virus was isolated. 
Epidemics apparently have diverse causes, and several types of virus 
are usually operative. The demonstration of one virus alone does not 
prove that the disease is of the same origin in all cases. Andrewes and 
associates report influenza A virus as causing 79 per cent of infections 
in one epidemic in England. In a later study evidence of the 
participation of influenza B was present. In more than half the cases 
in one epidemic the disease was caused by some agent other than 
influenza virus A or B. 

An epidemic influenza-like disease in Minnesota in May 1939 could 
not be identified with influenza A.^°- Subsequent tests on naso- 
pharyngeal washings kept frozen for nineteen months revealed the 
presence of influenza B. Serologic tests showed that the number of 
subclinical infections was equal to the number of persons actually sick. 
The clinical features of influenza A are so similar to those of influenza B 
as to be indistinguishable. 

Influenza Vaccine . — Intensive studies were made to test the value 
of the vaccines already developed and to bring about an improvement in 
the technic in the hope of providing a more efficient method of prophy- 
laxis. With methods in use at present the reported reduction of 50 per 
cent in the incidence of influenza A, as recorded by Horsfall’s group,’^'*® 
is not great enough to control the .disease. The specific antibodies 
evoked by vaccine were often of a titer equal to that encountered in 
normal persons, and protection against influenza was in direct proportion 
to the increase of demonstrable antibodies. Unfortunately, infection 
with the virus of influenza A was not prevented in all cases by vaccina- 
tion with complex influenza A vaccine, and as would be expected, the 
incidence of influenza caused by virus B and influenza of unknown cause 
was not affected in the group studied. 
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Experiments made in California to test the relative value of 
Horsfall’s complex distemper-influenza A virus vaccine and a living 
virus vaccine failed to show significant differences. In one test one 
vaccine gave slightly better results, and in the second, the other. The 
results of another group of investigators were similar and led the 
authors to state that none of the many experiments with active and 
with inactive virus has resulted in conclusive proof of the effectiveness 
of vaccine against influenza A. Nevertheless, in these studies there was 
a reduction of incidence of the disease in a vaccinated group (13 to IS 
per cent) as compared with controls (25 to 43 per cent), but influenza A 
developed subsequently in several vaccinated persons. 

The results of a further study at Letchworth Village, N. Y., are 
discouraging. Specific resistance in the interepidemic period could not 
be increased with vaccine. Influenza A occurred later not only among 
those persons recently vaccinated but in those vaccinated for four 
successive years. There was no significant difference in the incidence 
of acute disease of the respiratory tract among the inoculated persons 
and that in the controls. Nor was there a significant rise in the com- 
plement-fixing titer for influenza A after inoculation and subsequent 
infection. The incidence of influenza A was the same in persons with 
high or low titer. Clinical infection during one season also failed to 
protect against succeeding .attacks. 

Other studies were made to test the nonspecific effect of the usual 
gamut of bacteria contained in commercially prepared so-called “cold” 
vaccines added to specific influenza vaccine, but no evidence of an 
adjuvant effect was noted. 

According to Eaton and Martin,^”® the allantoic fluid vaccine for 
influenza B inactivated by formaldehyde was effective in evoking a rela- 
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lively high antibody response in human subjects, but since the com- 
plement-fixing antibodies were weaker, the antigenic stimulus of vaccine 
was different from that of actual infection. The effectiveness of any 
vaccine is not necessarily dependent on the measurable antibody response. 

Attempts were made to control influenza by the use of aerosols 
sprayed into the air.’^”® Robertson and his associates found the vapor 
of propylene glycol effective in preventing influenza in mice placed in an 
atmosphere laden with influenza virus in fine suspension. 

..Studies on the mode of spread of infection with influenza virus 
confirmed the important views of Wells that infection may be conveyed 
b}^ means other than visible droplets expelled from the respiratory tract. 
Andrewes and Glover placed normal ferrets and ferrets inoculated 
with influenza A virus in closed spaces, }’^et separated so as to prevent 
direct spraying with infected droplets. In spite of this barrier the 
exposed animals contracted the disease, presumably from microscopic 
particles of virus wafted through the air. When adequate ventilation 
Avas proAuded, Avith AvindoAvs left open, no cross infection took place. 

Glover made similar experiments but Avith double infection by 
influenza Aurus and hemolytic streptococci, Avhich Avere thought to play 
so important a role in the epidemic of 1918 - 1919 . Normal ferrets easily 
contracted the dual infection Avhen placed in cages Avith infected animals, 
but if they Avere separated from them by a barrier, only the influenza 
infection Avas transmitted, unless the recipient animals had previously 
been inoculated Avith influenza Aurus. Under the last-named circum- 
stances the injurious action of influenza on the mucous membrane seemed 
to be specific in preparing the field for the invasion of streptococci, since 
irritation Avith chemicals failed to do so. 

The amount of influenza A’irus suspended in air seemed to be impor- 
tant in direct proportion to the degree of seA’-erity of resultant infection 
in exposed animals.^^^ A heav^' suspension caused the death of all 

109. Henle, W., and Zellat, J. : Effect of Propylene Gb^ol Aerosol on Air- 
Borne Virus of Influenza A, Proc. Soc. Exper. Biol. & Med. 48:544-547 (Noaa) 
1941. 

110. Robertson, O. H. ; Loosli, C. G. ; Puck, T. T. ; Bigg, E., and Miller, B. F. : 
The Protection of ilice Against Infection AA'ith Air-Borne Influenza Virus by Means 
of Propylene Glycol Vapor, Science 94:612-613 (Dec. 26) 1941. 

111. AndrcAA^es, C. H., and GloA'er, R. E. : Spread of Infection from the 
Respiratory Tract of the Ferret: I. Transmission of Influenza A Virus, Brit. J. 
Exper. Path. 22:91-97 (April) 1941. 

112. Glover, R. E. : Spread of Infection from the Respiratory Tract of the 
Ferret: II. Association of Influenza A Virus and Streptococcus Group C, Brit. J. 
Exper. Path. 22:98-107 (April) 1941. 

113. Wells, W. F., and Henle, W.: Experimental Air-Borne Disease: Quan- 
titatiA'e Inoculation bj^ Inhalation of Influenza Virus, Proc. Soc. Exper. Biol. & 
Med. 48:298-301 (Oct.) 1941. 



REI MANN— INFECTIOUS DISEASES 


155 


mice; a less heavy one caused pulmonary lesions only, and a dilute 
suspension failed to cause infection at all. When type I pneumococci 
were added to the spray simultaneously or five days later, the resulting 
pulmonary infections were more severe. The pulmonary lesions, how- 
ever, looked the same as in those animals infected with virus alone. 

The level of specific neutralizing antibodies in the blood of normal 
persons is said to be of value in determining their susceptibility to 
influenza A or The relation is specific, since a high level of anti- 

bodies to one virus does not indicate resistance to the other or to 
influenza-like disease of undetermined origin. In one study a sharp 
increase in virus-inactivating bodies developed in the nasal secretion in 
9 of 10 patients with influenza A. The response was often parallel to the 
increase of similar antibodies in the blood and indicates that an impor- 
tant immune mechanism exists in nasal secretions. 

Influenza virus was present in the feces of mice three days after 
intranasal inoculation.^^® It is probable, of course, that the virus was 
merely coughed up and swallowed, but the possibility of actual multiplica- 
tion in the gastrointestinal tract was raised. 

Interesting experiments were made to determine the effects of 
various conditions which supposedly reduce resistance to infection with 
influenza. An unusual degree of heat, of cold and of fatigue failed to 
make test mice more susceptible to infection than control animals. This 
experience is in line with observations made on human beings in the 
epidemic of 1918-1919, when influenza occurred regardless of the physical 
condition of the victims. Severe deficiency either of vitamin A or of 
vitamin C likewise failed to have any effect on the level of demonstrable 
antibodies for influenza or on the phagocytic activity of leukocytes in 
human subjects.’^^® 
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“Virus” Pneumonia . — Two minor outbreaks, both in schools, were 
reported of the disease, called for convenience “virus” pneumonia. 
Adams and his associates studied a second epidemic vof a severe form 
* of “primary virus pneumonitis” among young infants, with a mortality 
rate of 14 per cent. Cytoplasmic inclusion bodies were present in the 
epithelial cells in the lungs of the infants who died and in cells in smears 
of material from the throats of 85 per cent of the others. No virus was 
isolated. 

In several attempts to discover the cause of this disease, or group 
of diseases, numerous agents have been isolated, as mentioned in last 
year’s review.^-^ More recent studies have provided further interesting 
data. The virus isolated last year by Eaton and his co-workers from 
patients with atypical pneumonia was found to be antigenically related 
to the viruses of both psittacosis and meningopneumonitis.^-^ Similarities 
and relations to the virus of lymphogranuloma venereum were also 
detected. All four viruses cause pneumonia and meningitis in inocu- 
lated animals, are characterized by the formation of elementary bodies 
and have antigenic components common to each other. Of interest also 
is the report of positive complement fixation reactions in the blood of 
patients convalescent, from atypical pneumonia with antigen from the 
virus of lymphogranuloma venereum and of meningopneumonitis, and 
in 5 of S cases of “virus pneumonia” the result of the Frei test was 
positive. The numerous apparent similarities of these viruses and of 
the diseases they cause both in human beings and in animals seem too 
convincing to regard the relation as coincidental. It has even been sug- 
gested that the viruses of psittacosis, a psittacosis-like disease, meningo- 
pneumonitis and lymphogranuloma venereum may have arisen from an 
original strain in the animal kingdom and have become diversified or 
modified by the invasion of or adaptation to various hosts.^“" What 
relation these viruses may have to some or to most cases of the so-called 
“virus” pneumonia is a matter of further test. It is possible that mem- 
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bers of the psittacosis group of viruses do cause certain instances of the 
syndrome called "virus” pneumonia. 

Meyer and associates reported the isolation of a psittacosis-like 
virus from the lung of a patient who had been exposed to pigeons. 
A similar virus was recovered from some of the pigeons, and the 
complement fixation reaction for psittacosis was positive in 63 per cent 
of the birds. In another study a case of pneumonia in a patient 
living on a chicken farm where an epidemic disease among poultry 
existed led to an epidemiologic survey. Many of the chickens were 
found to be spontaneously infected with the psittacosis-like virus, and 
serum from other members of the family, who were not sick, gave a 
positive complement fixation reaction for psittacosis. Meyer names this 
psittacosis-like virus disease "ornithosis,” to distinguish it from true 
psittacosis. Evidence of its widespread distribution among birds and 
poultry he feels renders it likely that human beings are occasionally 
infected and disease develops which is erroneously called "virus” pneu- 
monia. Although psittacosis virus and the related ones discussed in a 
previous paragraph pass through certain filters, they have other char- 
acteristics, such as microscopically visible particles, which place them in 
a class apart from true filtrable viruses, and the pneumonia they cause 
should not be named “virus” pneumonia. 

For the isolation of ornithosis virus from human sputum intracranial 
injection into mice or pigeons may be essential, although it is probable 
that intranasal injection into mice would be successful.^^®" Intraperi- 
toneal injection may give negative results. 

Alicandri reports a case of psittacosis in a man whose only known 
contact with possible sources was with pigeons. The data given do not 
tell the nature of the contact. The patient’s serum gave a positive com- 
plement fixation reaction to psittacosis in a dilution of 1 : 256. 

In my own experience this year with 8 cases of "virus” pneumonia, 
the complement fixation reaction for psittacosis was moderately positive 
in 3 and strongly positive in 1, although nothing in the case histories 
indicated contact or association with the known carriers of the psittacosis 
or the ornithosis virus. Inoculation of sputum into mice gave no evi- 
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dence of presence of psittacosis as it is usually described. The Frei test 
performed in a few cases gave negative results. The positive com- 
plement fixation reactions suggest that one of the viruses of the 
psittacine group may have caused the disease. 

Smadel and his associates report 2 unusual fatal cases of lympho.- 
cytic choriomeningitis, in which the diagnosis was obscure clinically and 
was made only after the isolation of the virus from the brain, the blood 
and the lungs at necropsy. In both cases the outstanding postmortem 
observation was a patchy bronchopneumonia characterized chiefly by a 
mononuclear cell infiltrate. Thus is added another entity to the s_vn- 
drome called “virus” pneumonia. The blood of 1 of my patients with 
“virus” pneumonia was strongly protective against the virus of lympho- 
cytic choriomeningitis. 

It appears now that the term “virus” pneumonia is justified to name 
a syndrome composed of numerous etiologic entities. The pneumonias 
caused by viruses of influenza, chickenpox, lymphocytic choriomeningitis 
and perhaps the mongoose-infecting virus can be included in this group. 
The psittacine group of viruses may cause a similar clinical form of 
pneumonia but are not regarded as true filtrable viruses by some, and 
other agents not viruses, such as the Rickettsia of “Q” fever, the 
protozoan Toxoplasma and the fungus Coccidioides immitis, may give 
rise to atypical pneumonia which is in many respects similar to those 
caused by viruses. 

It appears from my own studies and from those of other investigators 
that still other unidentified forms of atypical pneumonia exist, which 
can be classified only after the etiologic agents are discovered. In an 
official statement the Surgeon General of the Army proposes the term 
primary atypical pneumonia, etiology unknown, to classify the syndrome 
of “virus” pneumonia encountered in the Army medical service. The 
recommendation is good, but this designation need not be used in cases 
in which the etiologic agent is determined. 

Chickenpox . — Two cases of severe chickenpox in adults, 1 fatal, were 
reported.^^® Pneumonia occurred in both cases, and at necropsy in 1 
there was encountered a mononuclear cell exudate with the formation 
of alveolar linings, both of which were at one time thought to be char- 
acteristic of virus infection of the lung, but other irritants are now known 
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to cause similar changes. Acute toxic encephalitis and nephrosis were 
also present. 

Poliomyelitis . — A number of important contributions to the knowl- 
edge of poliomyelitis were made, some of them contradictory, but all 
will probably fit finally into the complex pattern. 

Report of detailed studies by Howe and Bodian fills most of the 
August 1941 number of The Bulletin of the Johns Hopkins Hospital. 
In essence, their work indicates that there may be various portals 
of entry of the virus. In most of a series of fatal cases the olfactory 
bulbs were not invaded, suggesting that the virus entered elsewhere 
than the respiratory tract. The alimentary tract appears to be an 
important focus for the proliferation of the virus, and the spinal cord, the 
primary site of invasion of the central nervous system. In experimental 
studies cutting the spinal cord and sympathetic nerves did not hinder 
the spread of the virus to other parts of the nervous system, indicating 
a possible transit through the lymphatics, the blood or unusual pathways, 
such as the vagus nerve. The virus was estimated to travel along nerves 
at the rate of 2.4 mm. per hour. In other experiments clinical evidence 
of the disease appeared to be arrested at any stage after invasion of the 
nervous system. Since the spinal cord is not always involved, symptoms 
of encephalitis alone may occur without paralysis and give rise to diag- 
nostic confusion, particularly with other specific forms of encephalitis 
(see p. 163). 

Sabin and Ward^^° investigated the excretion of the virus in the 
early stages of poliomyelitis and tried to find its source. The virus was 
regularly present in the stools but was not found in the nasal or the 
oral secretion or in the urine. The virus, therefore, probably does not 
get into the stool simply because it has been swallowed. It is much 
more likely to have originated from the walls of the digestive tract. The 
virus apparently does not invade the nervous system by way of the nose 
or multiply in the nervous system, since it was present in pharyngeal 
and in intestinal tissue but not in the nasal mucosa or in the olfactory 
bulbs. 

Other observers recovered the virus at necropsy from the contents 
of the colon in 26 per cent of patients, from the stools in 20 per cent of 
living patients and from the stools in 5 per cent of healthy persons in 
contact with patients. Virus was present in the tonsil-adenoid tissue, 
the spinal cord and the colonic contents in 73 per cent of patients who 

130. Sabin, A. B., and Ward, R.: Natural History of Human Poliomyelitis; 
II. Elimination of Virus, J. Exper. Med. 74:519-530 (Dec.) 1941. 

131. Kessel, J. F.; Moore, F. J.; Stimpert, F. D., and Fisk, R. T.: Occurrence 
of Poliomyelitis Virus in Autopsies, Patients and Contacts, J. Exper Med 74-601 
610 (Dec.) 1941. 



160 


ARCHIVES OF INTERNAL MEDICINE 


died. Repeated examinations of the stools of 5 patients failed to reveal 
the presence of the virus after a month. 

McClure and Langmuir made studies to determine how frequently 
the virus of poliomyelitis appears in the feces of persons in a community 
when cases of the disease occur. Specimens from 40 persons were 
tested, including ones from 5 persons with clinical evidence of polio- 
myelitis. Stools from 20 of 27 contacts contained the virus. 

Interesting experiments were made in studying the nature of air- 
borne poliomyelitis in monkeys.^^^ Typical poliomyelitis developed in 
10 of 60 monkeys exposed to virus suspended in air. Of these, 4 had 
had olfactory “blockade” with zinc sulfate solution and 6 had not. 
Examination of the olfactory bulbs in those not treated showed histo- 
logic lesions in each, but they were at times so slight as to suggest 
secondary rather than primary lesions and may not indicate the entrance 
of virus at this point. Because the olfactory route was excluded in 2 
significant instances, and because the oropharyngeal and gastrointestinal 
routes have been excluded by long experience, it is highly probable that 
the portal of entry in rhesus monkeys, at least, is in the mucosa of the 
lower respiratory tract at or below the epiglottis, and in cynomolgus 
monkeys, in the oropharynx. The experiments suggest that poliomye- 
litis in human beings may in some cases be air borne and the lungs the 
portal of entry. The known presence of virus in the nasopharynx pro- 
viding a source for air contamination and previous evidence of apparent 
contact infection support the suggestion. Infection may occur both 
through the respiratory tract and through the gastrointestinal tract. 
A case of poliomyelitis developing in a laboratory worker was reported.^®^ 
Further evidence of the importance of infection through human 
contact is supplied by Piszczek and his associates in Chicago and by 
Casey,^®® who studied an epidemic in a sparsely populated area of 
Alabama. The spread of the disease from neighborhood to neighbor- 
hood and from person to person seemed in Casey’s study to be directly 
related to human travel. The effective reservoir of the virus appeared, 
as in other contagious diseases, to be a patient within three days before 
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or three days after the onset of the first prodromal symptom. The actual 
mode of infection was not discovered. 

Lumsden’s study in Mississippi led to opposite conclusions. 
Epidemiologic studies suggested that the disease was spread not by 
personal contact but by unknown factors. These factors may include 
rats, mice, domestic fowl, cattle and flies or other insects. 

In the course of the study the author encountered many erroneous 
diagnoses. Colds, coryza, tonsillitis, rheumatic fever, diarrhea, malaria 
and other disorders were called poliomyelitis. A few physicians even 
depended on a cutaneous reaction to Rosenow serum for the diagnosis. 
The number of wrong diagnoses exceeded the number of unreported 
cases later added to the series. 

Studies are also being continued on the possibility of fly-borne infec- 
tion. In one of them poliomyelitis virus was isolated in 2 instances 
from flies trapped in an environment where the disease occurred.^^® 
Toomey and his associates,’^®® after many failures, also report isolation 
of the virus from flies trapped near a sewer. They apparently do not 
consider flies as an important factor, because the virus could not be 
consistently recovered from them in epidemic years, the disease does not 
always occur in crowded communities infested with flies and the peaks 
of epidemics do not always coincide with periods of greatest fly 
population. 

Sabin and W ard defend their views against opposing comments 
of Professor C. T. Brues, who minimizes the role of human contact in 
the causation of poliomyelitis. These authors regard poliomyelitis as 
resembling typhoid fever, for example, in which the chief reservoir 
is in human excreta and both direct and insect spread may be possible. 
They again point out that the disease also occurs in winter when flies 
are not responsible. To these views may be added the possibility of 
droplet infection, as discussed previously. 

As in Lumsden’s experience last year,’^’ a South American 
observed cases of poliomyelitis in human beings intimately associated 
with an acute infectious paralytic disease in poultry. A possible relation 
between the two diseases is obviously suggested. 
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The relation of tonsillectomy and poliomyelitis was the subject of a 
recent review and of editorial comment.^^^ The striking difference 
in the number of instances of the bulbar form, 27 per cent, in tonsillec- 
tomized children, as compared with 4.2 per cent in children with tonsils, 
is referred to. Nonparalytic poliomyelitis apparently occurs in either 
group just as often as the bulbar and the spinal form combined. The 
removal of tonsils seems, therefore, to be determinant between the bulbar 
and the spinal type of the disease. The nasopharyngeal mucosa seems 
to be particularly vulnerable to invasion, and tonsillectomy should not be 
performed when poliomyelitis is prevalent. 

Rosenow used the new electron microscope to bolster his theory 
concerning the relation of streptococci and their filtrable forms to the 
cause of poliomyelitis. The granules shown in his photomicrographs, 
however, and in the preparations viewed by others are not distinctive 
of material from patients with poliomyelitis and cannot be interpreted 
as being specifically related to the disease. 

Treatment ; In another editorial the subject of massage is dis- 
cussed in treatment of the disease. Massage is clearly indicated if all 
motor units in paralyzed muscles are to retain their maximal physiologic 
activity, since muscle fibers are dependent for normal stimulation on 
their local reflexes and immobilization arrests the flow of these proprio- 
ceptive impulses as effective!}^ as it abolishes the flow of lymph. 

Two papers advocate the adoption of the Kenny treatment of 
poliomyelitis as the fundamental treatment of the disease which should 
be instituted as soon as the diagnosis is established. 

In an attempt to reevaluate the action of human convalescent serum 
in the prevention of poliomyelitis Kramer was able to cause significant 
protection even if mice were treated twenty-four hours after cerebral 
inoculation. This is the first definite experimental evidence of the pro- 
tective value of serum. There was no evident therapeutic effect. In 

143. Aycock, W. L. : Tonsillectomy and Poliomyelitis, Medicine 21:65-94 
(Feb.) 1942. 

144. Tonsillectomy and Poliomyelitis, editorial, J. A. M. A. 118:980-981 (March 
21) 1942. 

145. Rosenow, E. C. : Microdiplococci in Filtrates of Natural and Experimental 
Poliomyelitic Virus Compared Under the Electron and Light Microscopes, Proc. 
Staff Meet., Mayo Clin. 17:99-106 (Feb. 18) 1942. 

146. Physiologic Anatomy of Poliomyelitis, editorial, J. A. M. A. 117:1980- 
1981 (Dec. 6) 1941. 

147. Pohl, J. F. : Kenny Treatment of Poliomyelitis, J. A. M. A. 118:1428- 
1433 (April 25) 1942. Daly, M. M. I.; Greenbaum, J.; Reilly, E. _T.; Weiss, A. 
M., and Stimson, P. M. : The Early Treatment of Poliomyelitis with an Evalua- 
tion of the Sister Kenny Treatment, ibid. 118:1433-1443 (April 25) 1942. 

148. Kramer, S. D. ; Protection in White Mice with Human Convalescent 
Serum Against Infection with Poliomyelitis Virus (Armstrong Strain), Proc. 
Soc. Exper. Biol. & Med. 48:287-293 (Oct.) 1941. 



REIM ANN— INFECTIOUS DISEASES 


163 


another study there was no evidence as to the effect of vitamin D 
on the spread of poliomyelitis along peripheral nerves. 

Eitcephalitis.—The subject was recently reviewed by Dingle.^®" 
According to Leake/^^ the greatest epidemic of encephalitis on record 
occurred in the summer of 1941 in the north central states and adjacent 
Canadian provinces. In North Dakota there were 1,080 cases, an inci- 
dence of 167 per hundred thousand persons, and in Nebraska the fatality 
rate was 16 per cent. In general, the symptomatology was like that of 
the St. Louis type of encephalitis. The virus of western equine encepha- 
litis was the principal cause, as proved by the serum neutralization test. 
Since the great majority of infections occurred in men, particularly those 
working in wheat fields, some insect vector and a source other than 
human beings and horses are suggested. The virus was indeed isolated 
from a prairie chicken shot during the epidemic.^®- In Arizona a 
smaller epidemic was apparently caused by tbe virus both of equine and 
of St. Louis encephalitis, in this case predominantly the virus of the 
latter. A similar dual epidemic was studied in the Yakima Valle)’’, 
Wash., by Hammon and Howitt.^®^ 

Hammon, Carle and Izunii present further evidence that the virus 
called the St. Louis type is as much “equine” as those called eastern 
and western equine strains but manifests neurotropic tendencies much 
less often. In inoculation experiments with the St. Louis strain the 
authors failed to cause clinical symptoms in horses but did produce 
inapparent, or subclinical, infection resulting in the presence of virus in 
the blood and a high titer of serum antibody. 

149. Sabin, A. B. ; Ward, R. ; Rapaport, S., and Guest, G. M. ; Neuroin- 
vasiveness of Poliomyelitis Virus in Relation to Vitamin D Nutrition, Proc. Soc. 
Exper. Biol. & Med. 48:451-454 (Nov.) 1941. 

150. Dingle, J. H.: The Encephalitides of Virus Etiology, New England J. 
Med. 225:1014-1022 (Dec. 25) 1941. 

151. Leake, J. P. : Epidemic of Infectious Encephalitis, Pub. Health Rep 56- 
1902-1905 (Sept. 26) 1941. 

152. Cox, H. R.; Jellison, W. L., and Hughes, L. F.: Isolation of Western 
Equine Encephalitis Virus from Naturally Infected Prairie Chicken, Pub Health 
Rep. 56:1905-1906 (Sept. 26) 1941. 

153. Meiklejohn, G., and Hammon, W. M.: Epidemic of Encephalitis, Pre- 
dominantly of the St. Louis Type in Pinal County, Ariz., J. A. AI. A 118-961- 
964 (March 21) 1942. 

154. Hammon, W. AI., and Howitt B. F. : Epidemiological Aspects of Enceph- 
alitis in the Yakima Valley, Washington: Alixed St. Louis and Western Equine 
Types, Am. J. Hyg. 35:163-185 (Alarch) 1942. 

155. Hammon, W. AI.; Carle, B. N., and Izumi, E. AI.: Infection of Horses 

with St. Louis Encephalitis Virus, Experimental and Natural, Proc Soc Exner 
Biol. & Aled. 49:335-340 (Alarch) 1942. ’ ■ • P • 



164 


ARCHIVES OF INTERNAL MEDICINE 


In other studies made in the Pacific Northwest, specific antibodies 
against both St. Louis encephalitis and western equine encephalitis were 
found in the blood of about 50 per cent of domestic fowl and in 20 per 
cent of quails, robins, sparrows, doves, hawks and other wild birds. 
Antibodies were also found in 51 per cent of horses, cows, sheep, pigs 
and other domestic animals except the cat. Tests were positive in only 
8 per cent of rodents. Similar observations were made by Howitt and 
van Herick.^®' These investigators find it difficult to understand why 
fowl which possess antibodies are susceptible to infection with either 
virus. The demonstrable immune bodies, it appears, may not always 
signify previous infection. There is also no need to suppose that the 
St. Louis variety suddenly spread to the Pacific Coast. It is more likely 
that the disease is widely endemic and should not have received a limiting 
geographic name. 

Parallel searches for evidence of infection in insects were made. 
Hammon and his co-workers found the virus both of St. Louis and 
of Western equine encephalitis in the mosquito Culex tarsalis in the 
epidemic area. Ticks may be experimentally infected,^®® and Wheeler 
in Kansas reports studies in which the virus of western equine encepha- 
litis was found in 50 per cent of assassin bugs (Microtonus purcis), 
which feed on human beings and animals, possibly horses and rodents. 
He reports the case of a boy whose illness had after-effects typical of 
ones often occurring in cases of anterior poliomyelitis; the blood gave 
a strongly positive reaction for Western equine encephalitis. This 
occurrence indicates a type of mistake in diagnosis which is probably 
not uncommon. 

In discussing the control of the three known American encephalitides, 
the St. Louis, the eastern equine and the western equine form, 
Hammon suggests that the three be considered as closely related, since 
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the}' affect similar hosts and mosquitoes. Ihey are probably impossible 
to control because of the widespread endemicity, and as in the case of 
plague, it may be better to learn to live with them than to fight them 
ineffectively. However, mosquito control, specific vaccination of human 
beings and horses, zoning restrictions and extermination of wild life 
(obviously impossible) may all help to reduce the incidence of the dis- 
ease in human beings. 

One might gather from tabular classifications that the problem of 
diagnosing encephalitis in human beings etiologically is relatively simple 
and that in most cases the disease falls into one of several well defined 
entities. That such is not the case is indicated in the previous paragraph 
and in the reports from several laboratories that in at least 80 per cent 
of cases encephalitis cannot be diagnosed etiologically by the methods 
available at present. Further evidence of the existence of at least one 
still unclassified form was presented by Price at the May meeting of the 
American Society of Clinical Investigation. Four cases of meningo- 
encephalitis occurred almost simultaneously in a community. All tests 
applied to the blood and the spinal fluid failed to allow etiologic classifica- 
tion with the known forms. 

Lymphocytic Choriowcnwgitis . — ^The subject was recently reviewed 
by Farmer and Janeway Milzer transmitted lymphocytic chorio- 
meningitis to guinea pigs by the mosquito Aedes aegypti but only at 
temperatures between 26 and 34 C. Transmission occurred from seven 
to thirty-eight days after the insect fed on an infected animal. The dis- 
ease was also transmitted by bedbugs at temperatures between 22 and 
25 C. Bedbugs are unable to transmit infection by biting alone. The 
virus is contained in the feces, which when rubbed into abrasions may 
cause infection. Mice and guinea pigs were also infected by swallowing 
infected mites. The virus persists through one or two larval stages. 

Smadel and his associates report 2 unusual fatal cases of lympho- 
cytic choriomeningitis, rvith necrops}’- observations, as referred to on 
page 158. 

Yelloiv Fever . — By the use of the mouse protection test, studies 
in Africa show that yellow fever is spread much more widely than 
heretofore believed. Instead of being confined to the west coast alone, 
evidence of infection extends as far east as the Nile valley. The problem 
seems about as complex and extensive as in South America, where 
jungle yellow fever occurs throughout an enormous area. The problem 
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of transmission and of insect vectors in South America has recently been 
solved by the discovery that a newly incriminated mosquito (Haeino- 
gamus) resides not necessarily near the surface of water and low lying 
ground but in tree tops. These mosquitoes unfortunately survive 
throughout the dry season and carry the causative virus over from one 
rainy season to the next and thus serve as a permanent reservoir. 
Jungle yellow fever frequently occurs in men engaged in felling trees. 

Jaundice has occurred in a high percentage of soldiers several weeks 
to several months after vaccination against yellow fever. Whether the 
disease is a mild form of yellow fever has not been determined. 

OTHER SPECIFIC INFECTIOUS DISEASES 

Rickettsial Disease . — For years it was believed that the mortality 
rate from Rocky Mountain spotted fever was much greater in certain 
areas of the West than elsewhere in this country. Evidence now indi- 
cates this to be more apparent than real. In an epidemiologic study 
the disease as it occurs in the eastern states was found to affect chiefly 
children, who are more exposed to ticks through recreational activities, 
and in the West men, whose occupations often favor exposure, are more 
often victims. Since the mortality rate from the disease is lower in 
children, the apparent difference in mortality rate is partly explained. 
When the fatality rates are corrected for age difference, they are about 
the same in both areas. 

Further reasons may be found in the fact^®" that highly virulent 
strains of Rickettsia have been encountered in the East, and a strain 
of low virulence was found in the West, so that the terms eastern and 
western are no longer applicable. Designation at present is best made 
on the basis of virulence for guinea pigs. 

Rocky Mountain spotted fever and typhus, usually thought to be 
caused by completely different or unrelated rickettsias, are, according 
to recent studies, not so different after all. Castaneda and Silva 
demonstrated reciprocal cross immunity reactions between the rickettsias 
of both diseases, as I did in 1935 in studying a strain isolated in Minne- 
sota which seemed to have characteristics of both varieties. This trend 
of thought is in line with evidence favoring a variety of similar strains 
among groups of infectious agents, such as the psittacine group of viruses 
and the influenza viruses. 
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It is still uncertain as to whether typhus in mice can be transformed 
into the historic epidemic variety by rat-man-louse-man passage. In 
China Liu and Zia present evidence that the strain in mice may be 
transmitted from man to man by body lice and give rise to epidemics. 
The problem of typhus fever in China is summarized in a paper by Liu, 
Zia, Chung and Wang.”® Brigham isolated two strains of endemic 
typhus from chicken fleas removed from rats. 

A suitable animal for the study of typhus fever was found in the 
cotton rat.^'^ Complement fixation tests developed in two labora- 
tories proved useful in determining both recent and past rickettsial 
infection. 

Ominous warnings as to the danger of new typhus epidemics in the 
war-ravaged areas of eastern Europe appear. The number of cases in 
Poland, Hungar}^ and Bulgaria, for example, have doubled or trebled 
between 1940 and 1941.’-"^ With continued disorganization of millions 
of people and increasing hardship and starvation, the outlook for a large 
outbreak is grim indeed. To combat this pestilence large scale studies 
are being undertaken to test the prophylactic value of the new antityphus 
vaccine developed by Cox. Controlled experimental studies were 
made by members of the National Institute of Health in a large group 
of South American Indians in an area where epidemic typhus is endemic. 
The report of results of this trial is anxiously awaited. In laboratories 
persons working with typhus material contracted the disease in spite 
of vaccination. 
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Further studies are reported on the value of typhus antiserum 
prepared in rabbits with typhus rickettsias grown in yolk membranes 
from chick embryos. Administration to guinea pigs as late as five days 
after inoculation with typhus has a beneficial therapeutic effect. 

Weil’s Disease . — Thus far at least 20 definite cases and 20 presumptive 
cases of leptospirosis, or Weil’s disease, have been reported in Ameidcan 
literature. Larson adds 51 more. Even these represent only a small 
portion of the actual number of cases. The diagnosis is often not made 
or not reported, especially in the mild forms and in those without 
jaundice. Forty per cent of the series of 51 cases occurred from June 
to August. Stiles and Sawyer summarize recent knowledge of the 
infection and regard it as an occupational hazard. 

Packchanian calls attention to the value of the agglutination test 
in making diagnoses in cases of suspected leptospirosis, but for absolute 
diagnosis it is essential to isolate Leptospira icterohaemorrhagiae from 
the patient’s blood or urine. This, of course, can only be accomplished 
early in the disease because Leptospira disappears from the blood after 
about five days and from the urine in a month. An interesting point 
in his study is the demonstration of strongly positive agglutination reac- 
tions on the serum of 20 jaundiced dogs from widely separated places in 
the United States. 

According to Morton,^®® the Syrian hamster is a convenient and 
satisfactory animal to use for the diagnosis of leptospirosis. Other 
investigators have also shown the value of this animal for the diagnosis 
of influenza, St. Louis encephalitis, lymphocytic choriomeningitis, men- 
ingopneumonitis and lymphogranuloma venereum. 

i?of Bite Fever . — Larson reports 3 cases of rat bite fever, in 1 of 
which the disease was probably caused by Spirillum minus and in the 
others by Streptobacillus moniliformis, the same bacterium which causes 
Haverhill fever. Rat bite fever caused by both agents has also been 
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noted in Illinois/®" and that caused by S. moniliformis alone, in Vir- 
ginia/®® Apparently rat bite fever is composed of at least two etiologic 
entities. The subject is reviewed by Brown and Nunemaker,^®'^ who 
present convincing evidence that both agents may cause disease and that 
the S. moniliformis infection is the more common. Contrary to Kliene- 
berger’s view, there was consistent reversion between the micro- 
organisms causing pleuropneumonia and S. moniliformis. Klieneberger 
regarded them as different micro-organisms living in symbiosis, but it 
is most likely that bacterial dissociation accounts for the transformation 
of one form into the other. 

Bacteria of the pleuropneumonia group were once regarded as a 
possible cause of rheumatic fever or rheumatoid arthritis because of the 
arthritis they cause in animals. According to Preston,^®® the arthritis 
in animals is of the suppurative type and bears little resemblance to the 
disease in human beings. 

Cases of relapsing fever and instances of ticks carrying the infection 
were reported from Oregon and from Utah. The infection exists in 
most of the western states. 

Welt found that trichinosis could be induced in monkeys by feed- 
ing them one Trichina larva per gram of body weight. Fever, edema 
and eosinophilia developed. Antibodies, as demonstrated by the pre- 
cipitin test, developed in the serum and in the urine after several weeks. 
The cutaneous test also may be valuable in diagnosis. 

Pork infected with Trichina can be made safe for human consumption 
by proper freezing.^®® For example, the parasites may be killed by 
refrigeration of sections of pork not more than 6 inches (15 cm.) thick 
at 5 F. for twenty days. Lower temperatures require shorter exposure. 

Malaria . — A causal relation between ferrihemate, the pigment 
liberated by sporulating parasites of malaria, and the paroxysm of the 
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disease has been suggested/^® because of a similar reaction produced 
by the injection of ferrihemate solution in animals. It was shown, 
however, that the pigment is not liberated in soluble form from the 
plasmodia and is therefore not the cause of the paroxysm. 

By using Plasmodium knowlesi antigen-coated collodion particles, 
according to Goodner’s method, or by addition of collodion particles at 
the time of combining antigen and antibody, specific precipitin reactions 
in malaria in human beings were demonstrated by microscopic agglutina- 
tion.^®® The test may prove to be of value in diagnosis. 

Fungous and Yeast Injections . — An interesting group of cases of 
sporotrichosis among florists was described.^®^ All patients had handled 
sphagnum moss and the flat fern, and all had had previous wounds of 
the skin. In a paper entitled “Torula Infection of the Lungs and 
Central Nervous System,” the lungs were scarcely mentioned in the 6 
case reports. The description dealt chiefly with involvement of the 
central nervous system. 

In a paper describing an unusual case of endocarditis caused by a 
fungus, Candida parakrusei, in a habitual user of diacetylmorphine 
(heroin) the authors refer to 5 other cases of endocarditis of similar 
origin, all occurring in drug addicts. They feel that fungi isolated in 
cases of mycotic infection are often considered to be contaminants and 
are discarded as such, when actually they are the cause. In the case 
described the diacet}dmorphine used was not found to contain spores of 
the fungus, but other samples may have been contaminated and may have 
accounted for the infection of the other addicts within the past two 
years. Another possible source of infection, of course, is the skin. 

A case of histoplasmosis was reported from Brazil,^®* 1 from 
Michigan and another from Illinois.^®® In the last-named case a 
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cutaneous test made with a filtrate of a culture of the causative fungus 
gave a specific reaction. Such a test may possibly serve as a helpful 
diagnostic aid. Histoplasmosis as a cause of ulcerative disease of the 
colon is discussed on page 172. 

Editorial comment on histoplasmosis briefly summarizes the sub- 
ject and states that thus far the disease has been invariably fatal. One 
wonders whether this is actually so or whether the diagnosis is not made 
in cases of mild forms with recovery, as was once the case with 
coccidioidomycosis, as discussed in the next paragraph. 

Coccidioidomycosis. — Only a few years ago coccidioidomycosis was 
diagnosed only in its most severe form as coccidioidal granuloma and 
was regarded as a disease of high mortality. Since the recognition of 
the mild forms of the infection, the concept of the disease has changed. 
It is actually a common disease in some localities, manifesting itself in 
most instances as a subclinical or an inapparent infection or as a minor 
infection of the respiratory tract, most often mistaken for the common 
cold or for influenza. In rare instances the chronic form may be char- 
acterized by persistent suppurative arthritis, with Coccidioides immitis 
easily demonstrable in the pus.^®® The severe, often fatal, forms with 
multiple granulomatous lesions or erythema nodosum are fortunately 
rare. In Smith’s experience coccidioidomycosis in endemic centers 
like the San Joaquin Valley in California is almost always mild and is 
mistaken for influenza, pneumonia, poliomyelitis or typhoid fever. It is 
thought that eventually most inhabitants of the region contract the infec- 
tion. According to Winn,®®^ 76 to 84 per cent of patients show a positive 
cutaneous reaction to injected coccidioidin. Similar Aoews are expressed 
by Davis, Smith and Smith,®®® who report a small outbreak affecting 7 to 
14 members of a party on a field trip who were probably infected by inhal- 
ing spore-laden dust. The victims became sick nine to fourteen days later. 
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Roentgenographic studies on these patients showed numerous diffuse 
patchy areas of infiltration which may be mistaken for “virus” pneu- 
monia. Loeffler’s pneumonia might be thought of because of the 
eosinophilia. Cavitation, which occurred in many involved areas, may 
seriously confuse the diagnosis with pulmonary tuberculosis unless 
etiologic studies are made. Diagnosis is made by the history of the 
illness, the location where the disease was contracted, the presence of 
double contoured spherules in the sputum, a positive reaction to 
coccidioidin, animal inoculation, agglutination and precipitin tests, leuko- 
cytosis with eosinophilia and patchy areas of density in the lungs with 
cavitation. In cases of the severe form chronic granulomatous lesions 
of the skin ajid erythema nodosum occur. 

Shelton tested nearly 900 soldiers in a camp in California with 
coccidioidin and found 14 to have acquired specific hypersensitivity 
during a three month period. Several cases of clinical coccidioido- 
mycosis occurred in this camp, which is located in an area not previously 
known as an endemic focus. 

In studies made elsewhere to determine the source of infection, 
the fungus Coccidioides was cultivated directly from desert soil. Small 
rodents apparently may harbor the fungus and in turn contaminate the 
soil ; the spores then become suspended in dust and air and are inhaled 
by man. In another study in Arizona, 25 of 105 small wild rodents 
harbored fungi, of which three were species of Coccidioides. 

MISCELLANEOUS DISEASES 

Several studies on the etiolog)'^ of chronic ulcerative colitis were 
published. Acute and chronic enteritis, including ulceration of the 
mucosa of the colon, was produced in dogs by obstructing the lymphatic 
drainage of the ileocecal segment of intestine."®® The presence of 
mesenteric lymphatic obstruction is sufficient to produce ulceration of the 
rectal mucosa without the agency of bacteria. These studies support 
the view that the disease may be initiated by noninfectious factors. 
Others summarized the evidence implicating Bacterium necrophorura 
as the cause. It seems that this bacterium may predominate over others 
in the colon in some cases ; it has been found in most cases and specific 
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antibodies against it appear in the bloodi The evidence presented thus 
far as to its etiologic relation to the disease is not particularly con- 
vincing. It is still uncertain whether this micro-organism, like Vincent’s 
spirillum, is merely a saprophyte which thrives in tissue made necrotic 
by other causes. 

Of interest is the report of a case in which Histoplasma capsulatum 
was found in intestinal ulcers, the mesenteric lymph nodes and elsewhere 
and was apparently the cause of prolonged diarrhea. In a review of 25 
previously reported cases of histoplasmosis the authors stated that similar 
lesions occurred in the intestine in 8 cases but in only 2 was there pro- 
longed diarrhea. It would appear, as many investigators have already 
suggested, that chronic ulcerative colitis is a syndrome resulting from 
a variety of causes both infectious and noninfectious. 

A peculiar “new” form of epidemic infectious conjunctivitis caused a 
perplexing problem in Hawaii in the summer of 1941.-°® The infection 
apparently entered California in the autumn. The cause has not been 
determined but is believed to be a filtrable virus. Infection seems to 
take place by contact, and after an incubation period of two to five days 
severe conjunctivitis occurs. The disease is self limiting and lasts from 
two to three weeks. No specific form of treatment is known. 

Nettleship inoculated the chorioallantoic membrane of chick 
embryos with filtered nasal washings from 8 patients with infectious 
mononucleosis and obtained positive results in 4 instances in the form 
of ectodermal proliferation and heavy monocytic cell infiltration. The 
reaction could be continued through four to fourteen passages but 
eventually disappeared. Attempts at animal transmission were 
unsuccessful. 

Newman-^” had the unusual opportunity of studying an outbreak 
of infectious, or catarrhal, jaundice in a community. As the only physi- 
cian in charge, he was able to observe all illnesses continuously and thus 
to correlate typical with atypical cases. The epidemic appeared at 
intervals in small series of cases and extended from January to April, 
involving 33 patients. Person to person contact seemed essential, and 
its spread by droplet infection seemed probable. Of importance was the 
occurrence of many cases of a mild form of apparently the same disease, 
but without jaundice, which no doubt would not have been associated’ 
with the epidemic had not a single physician observed all cases. In these 
atypical cases the condition could have been mistaken for meningitis, 
grip or appendicitis had they occurred as isolated instances. 
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A phytopatliogenic bacterium discovered recently as the cause of 
bacterial leaf spot of tobacco is highly virulent for rabbits, guinea pigs 
and mice, causing septicemia and death. Its ability to multiply in animals 
and plants is remarkable and is interesting from an evolutionary point of 
view. It is perhaps the first micro-organism discovered which is patho- 
genic both for plants and for animals. 

DISINFECTION OF AIR 

Wells, Wells and Wilder report further study of the effects of 
radiant disinfection of air as a method to prevent the spread of con- 
tagious disease. The results were gratifying in that no contagious 
disease occurred among children in irradiated groups in two schools, 
while measles and mumps occurred among the controls. The primary 
object was not to postpone contagious diseases to later childhood, though 
this may at times be desirable, but to test the hypothesis that contagion 
may be controlled by irradiation, as in army barracks and among groups 
in which immediate protection against disease may be imperative. 

Buchbinder reviews modern work showing how important air- 
borne infection is and that the old “contact” theory of spread of infection 
is not adequate. He points out the germicidal effectiveness of sunlight 
and even of diffuse daylight. 

The importance of stirring up dust and the resuspension of bacteria 
in air as an important source of infection are emphasized, especially 
when hemolytic streptococci are involved. One may point out how little 
attention has been paid to air-borne infection in operating room technic, 
yet it is surprising how few infections occur even during operations 
performed in an open room with 100 or more students scuffling about 
and raising dust. It has always seemed to me that “sterile Technic” in 
operating rooms is greatly exaggerated and that thousands of dollars 
might be saved if unnecessary procedures were eliminated by some one 
with courage to show the way. Much may be learned in this respect 
from surgery in wartime conditions. 

The author discusses chemical sprays as air disinfectants, such as 
hexylresorcinol, a solution of resorcinol in glycerin, organic smokes, 
sodium hypochlorite solution, propylene glycol, ethylene glycol and 
trimethylene glycol. He states that Twort has listed the first four in 
decreasing order of effectiveness. The possible injurious effect of 
aerosols on experimental subjects exposed to them over long periods 
is as yet unknown. 
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As little as 1 Gni. of propylene glycol in 2,000,000 to 4,000,000 cc. of 
air is bactericidal for pneumococci, streptococci, staphylococci, H. influ- 
enzae and other bacteria.-’-"'^ 

In another practical application of prophylaxis against air-borne 
infection, air conditioning alone failed to prevent acute cross infections 
of the respiratory tract in infants, but air conditioning together with 
germicidal light barriers or with mechanical barriers was effective. 
Numerous other reports of favorable results of the use of germicidal 
light are referred to in this paper. 

ANTIBIOTIC AGENTS 

The subject of antibiotic agents has been reviewed by Waksman.-^® 
Since then other papers have appeared. 

According to Rammelkamp,-^® different strains of staphylococci vary 
in their susceptibility to the action of tyrothricin, which together with 
the irregular development of resistance to the substance probably 
accounts for the different results obtained in treating patients with 
staphylococcic infections with this substance. Staphylococci grown in 
vitro are able to establish increasing resistances to the inhibitory and 
bacterial action of tyrothricin. Tyrothricin has no effect on Lacto- 
bacillus acidophilus in the intestines of mice when given orally.-^" 
Besides bacteriostatic and bactericidal activity, both tyrothricin and 
actinomycin A, a substance isolated from Actinomyces antibioticus, inhibit 
fibrinolysis by hemolytic streptococci and interfere with the coagulation 
of plasma by staphylococci."^® 

Bacteriologic culture medium containing tyrothricin is claimed to 
be helpful in isolating Haemophilus influenzae by inhibiting the growth 
of other bacteria."^® 
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A new substance, streptothricin, isolated from a soil Actinomyces, 
has been found to inhibit the growth of gram-negative bacteria like 
Escherichia coli and of gram-positive ones like Bacillus subtilis and 
micrococci.^-® It also is bactericidal for gram-negative bacteria. 

In therapeutic trials in 12 cases of various types of infection 
tyrothricin apparently caused local beneficial effects in 6 and was of 
doubtful value in the rest. In cases like these it is not always easy to 
provide adequate controls. In a further study --- on more patients the 
same authors report that of 50 cases, the results were good in less than 
half, fair in 25 per cent and poor in 32 per cent. 

English investigators report further studies on penicillin, a similar 
antibiotic agent produced by the mold Penicillium. They describe the 
technic for its isolation and preparation for clinical use. In test tube 
experiments the bacteriostatic effect of penicillin on streptococci and 
staphylococci was greater than that of sulfanilamide compounds. Peni- 
cillin unlike the drugs was not antagonized by pus when applied to 
wounds. It had no harmful effect on leukocytes. In clinical trials both 
by intravenous injection and by local application the authors report 
favorable effects, but many more studies are necessary to determine the 
actual value of penicillin as a therapeutic agent and its possible harmful 
side effects. 

Immune Reactions . — When normal globulin or other protein is sub- 
jected to the action of denaturing reagents or conditions in the presence 
of an antigen, the protein molecule unfolds and then refolds in such a 
way as to acquire the properties of a specific homologous antibody. In 
this ingenious manner Pauling and Campbell have for the first time 
been able to produce specific antibodies in vitro. 

Although fever has long been regarded as an attempt on the part of 
the body to combat infection and has led to the use of artificially induced 
fever as a method of treating certain infectious diseases, Ellingson and 
Clark now show that hyperpyrexia causes a significant lowering of 
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the specific antibody titer and perhaps actual destruction of antibodies 
in experimental animals. In spite of this untoward evidence, the effect 
of temperature at fever levels on the destruction of certain bacteria, the 
increase in the circulation of blood, the changes in the viscosity of blood, 
the increased activity of phagocytes and other factors still indicate the 
value of fever in combating infections. There is, of course, a great 
difference in the effect of “genuine’’ fever as the result of infection or 
the presence of foreign protein in the body as compared with that of 
fever produced by heating the bod}'' artificially or by raising the temper- 
ature by preventing radiation of noi'inally produced heat. Fever caused 
by infection makes far more profound changes in the body than the 
mere elevation of temperature hy otlier processes. 

Goodner has devised a supersensitive specific immunologic test 
employing the principle of collodion fixation. The test is reported to 
be about a thousand times more delicate than any heretofore described 
immune reaction and may eventually be of value in the identification of 
filtrable viruses. 

Tsao showed that the administration of estrogens from the urine 
of pregnant women increased and maintained the bactericidal property 
of the blood serum of adult male rabbits against Eberthella typhi as long 
as three hundred days. It was not determined if this effect was a direct 
response to the estrogen or was due to changes in the body. 

Freeman --® investigated a peculiar phenomenon concerning the lack 
of immunity of mice to a latent virus, habitually carried .by them. The 
host-virus relation seemed to be stable until disturbed by some procedure 
which reduced resistance. The virus then became im'asive, killing all the 
mice that became sick. Mice inoculated deliberately with the virus and 
some inoculated intranasally with sterile physiologic solution of sodium 
chloride became sick, but on retest they were all again susceptible to 
infection. Uninoculated cagemates of sick and moribund mice did not 
contract the disease and were not immune. Immune serum prepared in 
rabbits failed to protect against infection. These apparent paradoxic 
facts seem to parallel certain observations on human beings, particularly 
in studies on herpes simplex or on influenza in which demonstrable 
immune bodies do not seem to protect certain patients from infection. 

Jefferson Medical College. 

226. Goodner, K. : Collodion Fixation: A New Immunological Reaction 
Science 94:241-242 (Sept. 5) 1941. 

227. Tsao, S. N.: Bactericidal Property of Blood Serum of Male Rabbits 
Treated with Urinary Estrogens, Proc. Soc. Exper. Biol. & Med. 48:38-40 (Oct ) 
1941. 

228. Freeman, G. : Lack of Immunity to Latent Virus, Proc. Soc Exoer Biol 
& Med. 48:568-570 (Dec.) 1941. 



News and Comment 


American College o£ Physicians. — The American College of Physicians 
will hold its twenty-seventh annual session in Philadelphia, April 13 to 16, inclusive, 
1943. In the interest of conserving time and money for members, the program 
will be condensed into four days, Tuesday through Friday, instead of extending 
over the usual five days. Dr. James E. Paullin, Atlanta, Ga., president, will 
have charge of the general sessions and lectures; Dr. George Morris Piersol, 
Philadelphia, general chairman, will be responsible for the hospital clinics, panel 
discussions, local arrangements and entertainment, and the general management 
of the session and the technical exhibits will be handled by the e.xecutive secretary, 
Mr. E. R. Loveland, 4200 Pine St., Philadelphia. 

Other medical societies are urged to avoid conflicting dates for mutual benefit. 

American Association for the Advancement of Oral Diagnosis. — The 
ninth annual congress of the American Association for the Advancement of Oral 
Diagnosis will be held in Boston November 12 and 13 at the Forsyth Dental 
Infirmary. 

The subject of this year’s congress will be “The Military Aspects of Oral 
Diagnosis.” 

Members of the medical and the dental profession in the United States and 
the countries of the Western Hemisphere who are interested are cordially invited 
to attend and may obtain programs by communicating with the secretary, 
H. Justin Ross, 515 Madison Avenue, New York. 

Chicago Society of Internal Medicine. — At the annual meeting of the 
Chicago Society of Internal Medicine, held May 25, 1942, the following officers 
were elected: LeRoy H. Sloan, president; Italo F. Volini, vice president; Richard 
B. Capps, secretary-treasurer, and Howard L. Alt, secretary-treasurer pro tern. 
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Book Reviews 


Psychosurgery: Intelligence, Emotion and Social Behavior Following Pre- 
frontal Lobotomy for Mental Disorders. By Walter Freeman, M.D., 
Professor of Neurology, and James W. Watts, M.D., Assistant Clinical Pro- 
fessor of Neurosurgery, George Washington University. Price, §6. Pp. 338, 
with 81 figures. Springfield, 111.; Charles C. Thomas, Publisher, 1942. 

This is one of the most interesting and important books of the year because 
it marks the first major development in the treatment of mental disease since the 
advent of shock therapy. A new operation for certain types of psychoses and 
neuroses is described in minute detail in part III. Briefly, the procedure consists 
in making a burr hole in the skull over the premotor area of the frontal lobe. 
A flat blade shaped like a spatula is inserted 5 cm. into the brain and given a 
pendulum-like movement, so that it severs most of the fiber tracks which traverse 
the white matter at this level. The operation is performed on both sides at one 
sitting. The net result is a partial but permanent separation of the frontal lobes 
from the rest of the brain. An operation of this type was first performed in 1935 
by Egas Moniz, to whom the book is dedicated. The authors report their experi- 
ence with a modified operation in 80 consecutive cases of mental disorder. 

Although the authors concede that the frontal lobes are essential for satis- 
factory social adaptation, they suggest that mental disorder may be due to 
perverted activity of these lobes and that therefore a person may become better 
adapted if the lobes are partially inactivated. The obvious corollary is that with- 
out the frontal lobes there could be no functional psychosis. Specifically, the 
partial separation of the frontal lobes from the rest of the brain results in reducr 
tion of disagreeable self consciousness, abolition of obsessive thinking and satis- 
faction with performance, even though the performance is inferior in quality. The 
emotional nucleus of the disorder is said to be removed. Even though fixed 
ideas may persist and compulsion may continue for a while, the fear that disabled 
the patient is banished. The authors find that the relief to those persons suffering 
from doubts, fears, morbid thoughts, hallucinations, delusions and compulsive 
activities is great. 

The operation is reserved for those patients whose outlook is poor, whose 
response to other treatment is poor and for those who are approaching disability 
or suicide. 

Thirty-eight of the 80 patients were suffering from involutional depression. 
Twelve had schizophrenia, and 4 had unclassified psychoses. Nineteen other 
patients were classified as having obsessive-compulsive neuroses and obsessive- 
ruminative tension states. The remaining 7 had miscellaneous neuroses. Part IV 
of the book, which deals with a careful analysis of all the cases, can be briefly 
summarized by saying that in 50 cases the results were satisfactory, in 16 cases 
they were fair, in 11 cases they were bad and in 3 cases death resulted. 

Part II is valuable in itself as a critical analysis of modern knowledge of 
frontal lobe function. Parts I and V deal with the historical background and the 
psychopathologic aspects of the study of prefrontal lobotomy. 

Whether or not prefrontal lobotomy becomes a universally accepted treatment 
for mental disorders cannot safely be speculated about for some years to come. 
Nevertheless, the study of the patients who have already been operated on has 
contributed tremendously toward the understanding of pathologic mental processes. 
This book will be enjoyed by every one who has any interest in mental disorders. 
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The Pharmacology of Anesthetic Drugs. By John Adriani, M.D., Instructor 
in Anesthesia, New York University College of Medicine, Assistant Visiting 
Anesthetist, Bellevue Hospital. Price, $3.50. Pp. 86. Springfield, 111.: 
Charles C. Thomas, Publisher, 1941. 

This syllabus is obviously a teaching aid and should therefore be evaluated on 
the basis of experience with it in the training of anesthetists rather than on the 
impressions obtained by a pharmacologist from a casual perusal. According to 
the author, the outline is limited to fundamentals and is intended “to acquaint the 
student anesthetist . . . with pharmacological facts relating to drugs in current 
use.” The amount of information available in this book relating to the pharma- 
cology of volatile and of nonvolatile anesthetics, barbiturates, opium and opium 
derivatives, atropine, analeptics and nonanesthetic gases, such as oxygen and 
carbon dioxide, is considerable. Although of necessity dogmatically given, the 
views are those generally accepted in pharmacologic circles. Certainly no student 
of anesthesia who has assimilated any considerable part of the information here 
presented can use these agents without thinking in terms of physiologic mechanisms. 

This reviewer has but two criticisms to offer. At times some of the informa- 
tion presented, important as it may be, seems to him to be somewhat beyond the 
experience and training of those persons for whom the manual is intended. An 
example is the discussion of the modification of the pharmacology of morphine by 
alteration of the hydroxyl groups, as by methylation or acetylation. The same 
criticism might be made of the presentation of the chemistry of atropine and its 
relatives or of the pharmacology of parasympathetic action. A second criticism, 
also not too important, has to do with the general form in which the material is 
presented. Extensive use is made of conventionalized diagrams. For example, 
on many pages there is a human figure in outline with certain structures indicated 
diagrammatically — stomach, colon, liver, bladder, etc. The facts regarding the 
actions of the drug under discussion are condensed into small paragraphs on the 
margins of the page, with dotted lines to those parts of the body involved. Even 
though this book is a syllabus, this procedure seems rather elementary, considering 
the nature of the material involved, and in some cases it leads to what are essen- 
tially inaccuracies of fact. For example, under “Atropine, lungs” occurs the com- 
ment “oxygen consumption increased,” with a dotted line to the lungs. 

The volume is attractive!}’’ arranged and printed. There are a fairly extensive 
bibliography and a complete index. 

Breathing Capacity and Grip Strength of Preschool Children. By Eleanor 
Metheny, Ph.D. University of Iowa Studies : Studies in Child Welfare, 
volume 18, number 2. Price, $1.35, paper, and $1.70, cloth. Pp. 207, with 
illustrations. Iowa City: University of Iowa, 1940. 

This book relates the experiments of Dr. Metheny on breathing capacity and 
grip strength. The study is divided into four sections, namely, (1) Problem and 
Data, (2) Breathing Capacity, (3) Grip Strength and (4) Health Relationships. 
Each of these sections is fully discussed, with excellent charts and illustrations. 
At the close of each section is a complete summary. Dr. Metheny describes some 
new designs for the spirometer and the dynamometer which permit high reliability 
in measurements. 

Grip strength and breathing capacity determinations were done on some 169 
children from 2j4 to 6 years of age. The results of these tests were analyzed in 
relation to anthropometric measurements. The grip strength was found superior 
in girls. No difference was noted when children were compared from the social 
and the mental standpoint. 

Dr. Metheny’s work does suggest that prior to the onset of a cold there is 
a decrease in strength and breathing capacity. If this is so, which does require 
further proof, it may prove a valuable contribution. 

At the close of this book is a list of one hundred and thirty-one refeiences. 
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The book should serve as a valuable reference guide on this important subject, 
namely, breathing capacity and grip strength of the preschool child, also for other 
age groups. 

The Lymphatic System, Its Part in Regulating Composition^ and Volume 
of Tissue Fluid: The Lane Medical Lectures. By Cecil K. Drinker, 
M.D. Price, §2.25, cloth, §1.50, paper. Pp. 101, with illustrations. Stanford 
University P. O., Calif : Stanford University Press, 1942. 

This group of the Lane Medical Lectures continues the high quality of the 
former ones. The lectures are divided into five parts, “Physiological Principles 
Displayed in the Evolution of the Mammalian Circulation,” ‘ Establishment and 
Characteristics of the Capillary Circulation,” “Appearance and Elaboration of 
Ljnnphatic Vessels,” “Blood, Tissue Fluid and Lymph, as Illustrated by Experi- 
ments Upon the Heart and Lungs” and “Relations of the Lymphatic System to 
Practical Problems in Surgery and Medicine.” 

The material is delightfully presented, with the important data condensed in 
a few pages. Many contributions of historical significance are included in the 
discussions. There are many interesting illustrations and a fairly good bibliography. 
The fifth portion of the lectures is of practical value to all clinicians. The first 
part of the lectures is of interest to students of circulatory phenomena as well as 
to clinicians. The reviewer only regrets that he was not present to hear the 
lectures presented by Dr. Drinker, who has made many important contributions 
to the understanding of the functions of' the lympliatics. 

Annual Review of Physiology. By James Murray Luck and Victor E. Hall. 
Vol. IV. Pp. 709. Stanford University P. 0., Calif. : American Physiological 
Society and Annual Reviews, Inc., 1942. 

It is difficult to imagine any physician so industrious as to be able adequately 
to keep up with all the advances which are made in medical science each year, 
no matter how systematically he uses his time. This is true of each branch of 
medicine, but especially true of internal medicine. Much of an internist’s daily 
work is concerned with normal physiologic function and with deviations from 
normal function. Hence, a volume which furnishes him with a critical summary 
of a year’s work in this field is especially welcome and fills a definite need. 

The present volume is edited by a committee of the American Physiological 
Society, composed of men who are especially well qualified to select those con- 
tributions worthy of comment and to prepare each of the twenty-three sections 
devoted to particular fields of physiology. The bibliographic references are com- 
plete, and there are adequate author and subject indexes. The volume is prac- 
tically indispensable for those persons interested in internal medicine and its 
advances. 

Tumores primitives malignos bronco-pulmonares. By Julio Palacio and 
• Egidio S. Mazzei. Pp. 341, with 129 illustrations. Buenos Aires : El Ateneo 
1940. 

This monograph can be said to be one of the most excellent pieces of work 
ever written on that particular subject. 

It is divided into three main parts: (a) bronchopulmonary carcinomas, (6) 
sarcomas and (c) pulmonary Ij'mphogranulomatous lesions. 

The first division takes up almost the whole volume and is really the part 
the brilliance of which makes the monograph outstanding. 

The subject has been presented with complete thoroughness from the point 
of view of diagnosis, and the illustrations are numerous and well chosen- several 
colored plates add to the understanding of the text. Little is said as to treatment 
and the only opinion expressed is that the present forms of therapy serve more as 
means of prolonging life, since the proportion of cures is so small. Of particular 
note is the bibliography, which is complete and represents a great deal of work 
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Clinical and Experimental Investigations on the Genital Functions and 
Their Hormonal Regulation. By Bernhard Zondek. Price, $4.50. Pp. 
xxiv + 264, with illustrations. New York: Williams & Wilkins Company 
1941. 

This monograph, a valuable contribution by an outstanding investigator and 
clinician, contains a summary of the author’s clinical and experimental investiga- 
tions, together with a resume of the most important work on the endocrine aspects 
carried on by other investigators. The text is well written, and the illustrations 
are excellent. The material contained in this volume is authentic, exhaustive 
and especially interesting to clinicians, endocrinologists, physiologists and research 
workers. This volume is heartily recommended to any one interested in the 
field of endocrinology. 

La protidemia: su valor clinico. By Aron Gorodner. Thesis. Pp. 143. 
Buenos Aires : Aniceto Lopez, 1941. 

The author has determined the albumin and globulin content of the blood 
serum in a number of patients suffering from a variety of diseases. The data 
he presents are limited in value because factors affecting the level of the blood 
proteins are many; the author considers only one, the disease per se, without 
regard for its severity, duration or complications. It seems to the reviewer 
that the chief purpose of the thesis has been achieved in its compilation: The 
author has learned much about the blood proteins and has demonstrated that 
knowledge to the satisfaction .of his faculty. 

Trastornos cardiacos en los estados anemicos. By Eugenio R. Pietrafesa. 
Pp. 209, with 127 illustrations. Buenos Aires: El Ateneo, 1941. 

Clinical observations and comprehensive research on rabbits are the basis of 
this study of the cardiac conditions seen frequently in patients with anemia. 

Notliing new is added to what is already known in the correction of these 
conditions. 

The arrangement of the material makes reading somewhat difficult and 
uninteresting. 

Wounds and Fractures. By H. Winnett Orr. Price, $5. Pp. 270, with 137 
figures. Springfield, 111.: Charles C. Thomas, Publisher, 1941. 

This book seems especially suitable for general practitioners or surgeons, 
since it takes up the subject not only by general discussion but by means of many 
case histories amplified by excellent illustrations. The material is well arranged 
and should be especially useful today when wounds in combat or civilian injuries 
may be encountered at any time. 
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During the late fall and early winter of 1940-1941 an epidemic of 
influenza involved most sections of the United States, as well as the 
Hawaiian Islands, Puerto Rico and probably many other areas.^ Virus 
isolations during the acute phase and immunologic studies of acute and 
convalescent phase serums on patients from widely scattered localities 
indicated that the virus of influenza A was by far the predominant, if not 
the only, one of the known viruses implicated in the epidemic.^ If one 


Presented in part at the Fifty-Sixth Session of the Association of American 
Physicians, Atlantic City, N. J., May 6, 1941. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Ser- 
vices (Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School. 


1. (a) Prevalence of Communicable Diseases in the United States ; December 

1-28, 1940, Pub. Health Rep. 56:89-92 (Jan. 17) 1941. (6) Prevalence of Com- 
municable Diseases in the United States: December 29, 1940-January 25, 1941, 
ibid. 56:259-264 (Feb. 14) 1941. (c) Prevalence of Communicable Diseases in 

the United States: January 26-February 22, 1941, ibid. 56:481-485 (March 14) 
1941. 

2. Sulkin, S. E. ; Bredeck, J. F., and Willett, J. C. : A Study of Epidemic 

Influenza, with Special Reference to the 1940-41 Outbreak in St. Louis, J AJis- 
souri State M. A., March 1941, pp. 71-75. (6) Dalldorf, G.; Whitney^ E., and 
Ruskin, A.: A Controlled Clinical Test of Influenza A Vaccine J. A, M A 
116:2574-2577 (June 7) 1941. (c) Lennette, E. H.; Rickard, E. R.’; Hirst, G.' K. 
and Horsfall, F. L., Jr.: The Diverse Etiology of Epidemic Influenza Pub 
Health Rep. 56:1777-1788 (Sept. 5) 1941. (d) Brown, J. W.; Eaton M D • 

Afeiklejohn, G.; Lagen, J. B., and Kerr, W. J.: An Epidemic of Influenza- 
Results of Prophylactic Inoculation of a Complex Influenza A-Distemner 

J. Clin. Investigation 20:663-669 (Nov.) 1941. (c) Pearson, H E • Euninc.r’ 
E. C.; Dmgle, J. H., and Enders, J. F.: A Study of Influenza in Boston During 
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judges from the available reports, the disease generally was mild and 
pulmonary complications were neither frequent nor severe. 

The epidemic reached Boston late in December and persisted through- 
out January; most cases of the disease occurred during the first two 
weeks of the latter month. The clinical features of some of the uncom- 
plicated cases, along with the results of virus isolations and immunologic 
studies, have been reported by Pearson, Eppinger, Dingle and Enders.^® 
In the course of the epidemic in Boston an unusually large number of 
cases of staphylococcic pneumonia were encountered as a complication 
of influenza. The more important clinical and laboratory data in these 
cases will be presented here. A more detailed description of the patho- 
logic observations in 8 of the cases included here is given elsewhere.® In 
a recent paper from another Boston hospital, the literature was reviewed 
and 5 cases were reported which are similar to some of those to be 
described here.^ Serologic evidence of infection with influenza A virus 
was obtained in 3 of those cases. Four fatal cases were also reported 
from North Carolina.® 

clinical material 

In all of the cases included in this report the patients were over 14 
)^ears of age and were treated at the Boston City Hospital, with the 
exception of 2 in which the patients were treated elsewhere and which 
are included because they were of especial interest. In every patient 
Staphylococcus aureus was obtained as the only or the predominant 
organism from one or more cultures of sputum or from the lungs, or it 
was obtained in pure culture from blood or from pleural or other exudates 
or from multiple sources. Virus studies were carried out only in a few 
of these cases, and the results have been included in the report by Pearson 
and associates.®® Thorough bacteriologic studies were not carried out on 
all of the patients admitted to the hospital with infection of the respira- 

the Winter of 1940-1941, New England J. Med. 225:763-770 (Nov. 13) 1941. (/) 
Sulkin, S. E. ; Smith, J. E., and Douglass, D. D. : Experimental Study of an 
Institutional Outbreak of Epidemic Influenza, J. Infect. Dis. 69:278-284 (Nov.- 
Dee.) 1941. {g) Siegel, M. ; Muckenfuss, R. S.; Schaeffer, M. ; Wilcox, H. L., 

and Leider, A. G. : A Study in Active Immunization Against Epidemic Influenza 
and Pneumococcus Pneumonia at Letchworth Village : IV. Results in an Epidemic 
of Influenza A in 1940-41, Am. J. Hyg. 35:186-230 (March) 1942. (/i) Hare, R. , 
Auger, W. J., and McClelland, L. : Studies on Influenza : Antibod}-^ Level ; Isola- 
tion of Virus, Canad. Pub. Health J. 33:72-78 (Feb.) 1942. 

3. Wollenman, O. J., Jr., and Finland, M.: Pathology of Staphylococcal 
Pneumonia Complicating Clinical Influenza, Am. J. Path., to be published. 

4. Michael, M., Jr.: Staphylococcus Aureus Pneumonia, with Special 
ence to Its Occurrence as a Complication of Influenza, J. A. M. A. 118.869-8 
(March 14) 1942. 

5. Baker, R. D.: Staphylococcal Pneumonia During Epidemic Influenza m 
North Carolina (1941), South. M. J. 35:240-247 (March) 1942. 
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tory tract during this period, so that many cases with similar clinical 
features are not included. This presentation is limited to the cases in 
which adequate bacteriologic data were obtained. 

All of the Staphylococcus strains were classified as Staph, aureus and 
gave a positive coagulase reaction. Additional studies were made with 
sixteen of the strains, including eleven from sputum, three from pleural 
fluid and two from abscesses of the lung. All of them fermented trehalose 
and mannitol. Uniform suspensions showed more marked agglutination 
and in higher dilutions in group A serums than in group B serums.® The 
strains varied considerably in the production of alpha and beta toxins, 
and they probably produced little or no leukocidin, although results of 
tests for this substance were not conclusive. Mouse inoculation of 
sputum was not carried out in most instances, because pneumococci were 
rarely identified in the direct (Neufeld) sputum typings and smears 
stained with Gram’s stain showed abundant organisms resembling 
staphylococci. In 19 cases, however, sputum which yielded Staphylo- 
coccus as the only or the predominant organism in direct cultures was 
also inoculated into mice. The sputum strains of Staphylococcus in 10 
cases proved virulent for mice when given in this manner, while those 
in the other 9 cases proved totally avirulent. The latter 9 cases included 
3 in which Staph, aureus was predominant in cultures of the lungs made 
at autopsy, 3 in which pure cultures of this organism were obtained from 
purulent pleural fluid, 1 in which a large staphylococcic pulmonary 
abscess was evacuated surgically, 1 in which the blood culture was 
positive for Staph, aureus and 1 in which the organism was obtained 
only from sputum. 

The onset of influenza-like symptoms in every case in which the date 
could be elicited occurred between December 20 and January 18, and in 
more than three fourths of the cases it occurred between December 25 
and January 12. Symptoms suggesting pulmonary infection began on 
the same day as those of the influenza in about one third of the cases 
and within five days in another third of the cases, while in the rest they 
were delayed six days to three weeks. The extent and severity of the 
pulmonary involvement varied markedly in different cases. In order to 
bring out the wide variety of clinical features presented in these cases, we 
have divided them into six main groups, each of which includes a number 
of cases with more or less distinctive features. For purposes of brevity 
the important details in three of the groups of cases are presented in 
tables 1, 2 and 3; the general characteristics of each group will be sum- 
marized in the text. 

6. Juliandle, L. A., and Wieghard, C. W.t'The Immunological Specificity 
of Staphylococci: I. Occurrence of Serological Types, J. Exper Med 62*11 22 
(July) 1935. 



186 


ARCHIVES OF INTERNAL MEDICINE 


ACUTE RAPIDLY FATAL PNEUMONIA (TABLE 1) 

In the first group there were 7 cases, in all of which the patients 
had a more or less fulminating pneumonia following symptoms of 
moderate or severe influenza. Five patients were in their forties ; 1 was 
19, and the other, 65. In 1 case (7) the s)TOptoms of pneumonia and of 
influenza began almost simultaneously; in 4 other cases the patients 
had been ill with influenza for two to four days without improvement 
when the pneumonia began, while in 2 cases (1 and 5) the patients had 
been afebrile for three and nine daj^s, respectively, after the influenza. 
At the time when the pneumonia was presumed to begin the patients had 
an abrupt recurrence and marked exacerbation of their prostration, which 
rapidly changed to a state of semistupor and was associated with severe 
and increasing dyspnea and cyanosis. The temperature at this stage 
varied from 100 to 105 F. ; the pulse rate, from 120 to 160 per minute, 
and respirations, from 30 to 40 or more per minute. The latter were 
usually rapid and shallow, but sometimes they were markedly irregular. 
Signs in the lungs were minimal at first and consisted then mostly of 
scattered sibilant and sonorous rales, but as the dyspnea and air hunger 
increased, showers of consonating rales were heard and there appeared 
scattered areas of consolidation, which seemed to spread and involve 
most of the lungs. The patients became apathetic, then stuporous and 
semicomatose and assumed a “livid” appearance. The leukocyte count 
in case 1 was 800 on two occasions ; in the other cases it varied between 
6,100 and 14,000. Death occurred within five days after the onset of the 
pneumonia in 6 cases and on the ninth day in 1 case. 

In 2 cases pleuritic pain was an early and prominent symptom. In 
both of these cases signs of fluid developed, which was later demon- 
strated, either by thoracentesis or at autopsy, and found to be infected 
with staphylococci. The sputum in all the cases was usually raised with 
difficulty and was scant, thick, purulent and either streaked or diffusely 
tinged with blood. In case 6 a fibrinous, gray-green, blood-streaked 
mass of sputum was raised which resembled a diphtheritic membrane 
but which yielded an abundant growth of Staph, aureus in pure culture. 

Autopsies were. performed in 4 of the 7 cases.® All showed diffuse 
necrotizing bronchitis and bronchiolitis with numerous small and con- 
fluent abscesses around the bronchi and massive confluent areas of 
hemorrhagic and edematous bronchopneumonia. In case 1 the process 
was more acute and involved mostly the lower and the middle lobe of 
the right lung, and no abscesses were recognized grossly. Histologically, 
however, there were edema and necrosis of bronchial and alveolar walls, 
although the exudate contained little fibrin and few inflammatory 
cells. Masses of cocci were seen in the necrotic areas in all of these 
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cases. Hyaline-like membranes similar to those described in the influ- 
enzal pneumonias of 1918 were seen, particularly in case 1. 

Staph, aureus was the only or the predominant organism obtained 
from the various cultures made during life and at autopsy. Small num- 
bers of Streptococcus viridans were also obtained in 2 cases. In case 2 
the first cultures of sputum and of blood showed hemolytic streptococci, 
but on the following day only staphylococci were obtained from the 
sputum. At autopsy in this case culture of heart blood showed no 
growth. Staphylococci were grown alone from some sites and with 
hemolytic streptococci from others (table 1 ) . In the microscopic sections 
of the lungs, chains of cocci were seen in some hemorrhagic and edema- 
tous areas of intact alveoli, while masses of cocci were seen in abundance 
in the necrotic areas. Ferret inoculation of a suspension of lung in this 
case yielded strong presumptive evidence of the presence of influenza A 
virus.®® 

FATAL ORGANIZING AND FIBROSING PNEUMONIA 
(TABLE 2 AND FIGS. 1 AND 2) 

In a second group of 6 cases the patients had a clinical course ‘similar 
to that in the first group except that the patients survived from fifteen to 
fifty-six days after the onset of severe pulmonary symptoms. In all of 
these cases the patients were 50 years of age or older, and in 3 they were 
over 70. The pneumonia began almost simultaneously with the influenza 
in 4 cases, but in 1 the patient apparently enjoyed a full week without 
symptoms between the influenza and the pneumonia. In 2 cases (9 and 
11) there was a temporary remission of fever and slight improvement 
after a few days of sulfadiazine (2-[paraaminobenzenesulfonamido]- 
pyrimidine) therapy. 

The outstanding feature of all these cases was the persistent and 
intense dyspnea and cyanosis, which were only slightly affected by 
oxygen administration. The patients were irrational and stuporous 
most of the time. Signs of diffuse bronchitis and of scattered patches 
of consolidation were present throughout the lung but were usually more 
extensive in one or two lobes. Signs of extensive cavitation suggestive 
of advanced pulmonary tuberculosis were made out clinically and by 

7. (a) MacCallum, W. G. : The Pathology of the Pneumonia in the United 
States Army Camps During the Winter of 1917-18, Monograph 10, Rockefeller 
Institute for Medical Research, 1919. (b) Goodpasture, E. W., and Burnett, F. L. : 
The Pathology of Pneumonia Accompanying Influenza, U. S. Nav. M. Bull. 13: 
177-197 (April) 1919. (c) Goodpasture, E. W. : The Significance of Certain 

Pulmonary Lesions in Relation to the Etiology of Influenza, Am. J. M. Sc. 158: 
863-870 (Dec.) 1919. (d) Wolbach, S. B.: Comments on the Pathology and 
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Fig. 1 (case 10). — Bedside roentgenogram of the chest made at the end of the 
sixth week of illness. Extensive bilateral fibrosis and cavitation (abscesses) are 
evident, especially in the lower lobes, and the heart is enlarged to the right. For 
the clinical chart in case 10 see figure 2. 



Fig. 2 (case 10). — Clinical chart for M. B., a 50 year old woman admitted to 
the hospital Dec. 30, 1940, six days after the onset of pneumonia. Under blood 
culture (BL. CULT.) 0 signifies the culture was negative for growth. For the 
other abbreviations see the starred footnote to table 1. 
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roentgen examination in case 13, but numerous examinations of the 
sputum failed to reveal tubercle bacilli. In the 2 cases of the longest illness 
there was evidence of increasing failure of the right side of the heart with 
marked distention of the cervical veins and engorgement of the liver. 
In case 10 hypertrophy of the right ventricle and dilatation of both 
chambers of the right side of the heart were noted at autopsy, and in 
case 13 enlargement of the right side of the heart was revealed by 
roentgen examination and the electrocardiogram showed right ventricular 
predominance. 

Autopsies were performed in 4 of these cases,® and all revealed similar 
conditions in the lungs. The bronchi were dilated and filled with 
exudate, and their walls were necrotic and fibrosed. There were 
numerous thick-walled abscess cavities, some of which communicated 
with bronchi or bronchioles, and much of the interr^ening parenchyma 
was replaced by fibrous tissue. Some of the uninvolved parenchyma, 
especially in the upper lobes or at the periphery of the lungs, was 
emphysematous. The picture was similar, in general, to that of the 
organizing pneumonias described by Winternitz and associates and 
others among the influenzal pneumonias of 1918. 

Cultures of sputum^ and of the lungs showed Staph, aureus pre- 
dominating in every instance, but small numbers of pneumococci and 
Str. viridans were also obtained from sputum, and influenza bacilli were 
obtained from the lungs in 2 cases. In case 10 hemolytic streptococci 
appeared in the sputum and persisted; they were later found in the 
lungs. Blood cultures were positive for Staph, aureus on a single occa- 
sion in 2 cases ; all others, including those made at autopsy, yielded no 
growth. In 1 of the cases with bacteremia (case 10) multiple miliary 
abscesses were encountered in the viscera at autopsy. Serologic studies 
were made in only 1 case in this group (case 12) and showed complement 
fixation with influenza A virus to a high titer (1 : 128) on the day before 
death, which was twenty-four days after the onset of clinical influenza. 
This may be presumed to be indicative of recent infection with 
influenza A virus. 

SEVERE STAPHYLOCOCCIC PNEUMONIA WITH RECOVERY 
(TABLE 3 AND FIG. 3) 

A third group comprises 11 cases in which the symptoms during the 
early stage of the pulmonary infection were somewhat like those in the 
fatal cases. The pneumonia in these cases was limited largely to one lobe 
or to one lung, and improvement gradually occurred under intensive 
therapy with derivatives of sulfanilamide. The patients in this group of 
cases were generally younger than those in the preceding groups ; with 1 
exception they were under 45, and 5 of them 25 or younger. Most of the 
patients also had diffuse tracheobronchitis. 
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Pleural fluid varying in amount from 10 to 800 cc. was obtained by 
thoracentesis in 8 cases. The fluid in 3 cases was sterile every time, 
while in each of the remaining 5 cases an abundant growth of Staph, 
aureus was obtained from the fluid on two or more occasions. In 2 of 
the latter cases treatment was by rib resection ; in the other 3 the con- 
dition cleared completely and did not require surgical intervention. In 1 
case large abscess cavities in the upper lobe of the right lung were 
drained through a rib resection and later required a secondary operation 



Fig. 3 (case 22). — Serial roentgenograms ot the chest, showing essential clear- 
ing of the acute process in the right lung and pleura and persistence of the tuber- 
culous infiltration near the apex of the left lung. The roentgenograms were 
made on (A) Feb. 11, 1941; (5) February 27; (C) March 12, and (D) April 17. 

to evacuate an undrained area of suppuration. In at least 2, and proba- 
bly 4, of the other cases, the patients had areas of abscess formation 
within the affected lung which were discernible as rarefied areas by 
roentgen examination. They apparently healed completely, presumably 
after draining into bronchi, as evidenced by profuse purulent sputum. 
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The results o£ culture of sputum in these cases were similar to those 
in the fatal cases. In each of 2 cases, including 1 in which the patient 
had infected pleural fluid, a blood culture positive for Staph, aureus 
was obtained on one of several occasions. Complement fixation tests 
with influenza viruses were done with the serums of 5 patients in this 
group. In 4 cases the serum showed significantly high titer or more 
than a fourfold change of titer with influenza A virus. In the fifth 
•case (14) serum examined on the eighth day after the onset of influenza 
and again three months later gave negative results. 

Recovery in these cases was slow, but eventually it was complete as 
far as could be ascertained. In some of these cases the patients have now 
been followed up for more than a year and have remained well. Only 
2 of the patients became afebrile within ten days of the onset of pneu- 
monia, while in the others fever and other evidences of active infection 
persisted for two to five weeks. In case 20 roentgenographic signs of 
fluid persisted for over four months and eventually cleared, leaving evi- 
dence of residual pleural thickening and adhesions. One patient (case 
22, fig. 3) had a history of cough for six weeks prior to the onset of 
influenza. In this patient, although the pneumonic consolidation was 
limited chiefly to the lower lobe of the right lung, where there was also 
•evidence of abscess formation, crepitant rales were heard in the upper 
lobe of the left lung throughout his stay in the hospital, and there was 
persistent mottled infihration in this region in the roentgenograms. The 
signs in the lower lobe of the right lung cleared slowly and apparently 
■completely, while those in the apical region of the left lung remained 
unchanged. Sputum smears were negative for tubercle bacilli during 
the acute illness. No sputum was obtainable later, but material aspirated 
from the stomach yielded tubercle bacilli on guinea pig inoculation. 

ACUTE STAPHYLOCOCCIC PNEUMONIA WITH RAPID AND 
COMPLETE RECOVERY 

In the fourth group there were 18 cases, in all of which the patients 
had symptoms and signs (including roentgenographic evidence) of pneu- 
monia which began between December 30 and January 20, at the same 
time as or a few days after an attack of clinical influenza. In 13 cases 
the patients were less than 45 years old, and in 3 they were over 70. 
Staph, aureus predominated in cultures of sputum in every case • Str. 
viridans occurred in most of the cases, and pneumococci of higher types 
and influenza bacilli were found together in 1 case and separately in 
•others. Blood cultures were positive for Staph, aureus in 2 cases and 
showed no growth in all the others. A sterile pleural effusion was 
demonstrated in 1 case (33). The serum in this case showed com- 
plement-fixing antibodies for influenza A in a significant titer 
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The maximum tempei'ature in different cases varied from 101 to 
105 F., and the pulse rate, from 100 to 140 per minute; respirations 
were somewhat rapid, and the leukocyte count at the height of the fever 
varied between 4,000 and 31,000. Pulmonary consolidation was limited 
chiefly to one lobe in 10 cases and to two lobes in the others ; it appeared 
by physical signs and roentgen examination to be uniformly distributed 
throughout most of the involved lobes in 5 cases and as irregular patches 
in the others. One of the patients, a Negress, had a rash which she 
thought was “measles” at the beginning of her pneumonia, but this had 
cleared without residual signs at the time of admission to the hospital. 


Table 4. — Summary of Some of the Relevant Data in Sixty-Six Cases of 
Staphylococcic Infection of the Lungs Complicating Clinical Influensa'^ 


Group t 

I 

II 

III 

IV 

V 

VI(a) VI(b) 

vr(c) 

Total 

Number of cases 

7(7) 

6(6) 

11 

18 

4 

7(6) 

3 

10 (2) 

66 (21) 

Age, years 

14-39 

1(1) 

. . 

8 

9 

3 

. . 

3 

5 

29 (1) 

40-59 

5(5) 

2(2) 

2 

6 

1 

2(1) 

, , 

2 

20 (8) 

60 and over 

1(1) 

4(4) 

1 

3 

. » 

5(5) 

.. 

3(2) 

17 (12) 

Positive blood culture 

Staph, aureus 

1(1) 

2(2) 

2 

2 

, , 

1(1) 

3 

0 

11 (4) 

Other organisms 

1(1) 

• . 

. • 

.. 



>• 

4 

5(1) 

Pleural fluid 

Sterile 



3 

1 



1 

1 

6 

Infected (with staphylococci) 

3 (3) 

, . 

6 

• • 

» . 

• . 

.. 

1 

9(3) 

Chemotherapy 

Sulfathiazole 

3(3) 

2(2) 

2 

5 

2 

3(3) 

1 

8 

21(8) 

Sulfadiazine 

2(2) 

3(3) 

3 

11 

1 

1 

6(2) 

27(7) 

Sulfathiazole and sulfa- 

diazine 

1(1) 


6 




1 

1 

9(1) 

Sulfapyridine 

1(1) 



1 

, . 

1(1) 

, , 

, , 

3(2) 

None 


1(1) 

•• 

1 

1 

3(2) 

•• 

•• 

0(3) 


* The figures in parentheses represent the number of cases of fatal infection included, 
t Roman numerals have been used to designate the following groups: I, fatal acute and 
fulminating pneumonia; II, fatal organizing pneumonia; III, severe pneumonia, extensive or 
with complications; IV, acute pneumonia with rapid recovery; V, influenza with tracheobron- 
chitis (most of the cases in this group were excluded for lack of bacteriologic data); VI (a), 
staphylococcic infection of the lungs complicating cardiac disease or other pulmonary disease; 
W (b), focal infection, and VI (c), staphylococcic superinfection of pneumococcic lobar 
pneumonia. 


In all but 1 of these 18 cases the patients were treated with the usual 
doses of three derivatives of sulfanilamide from the time they entered 
the hospital. All, including the 1 Avho did not receive chemotherapy, 
were markedly improved within eighteen to forty-eight hours, and all 
but 2 were completely afebrile within one to four days after admission. 

INFLUENZA AND TRACHEOBRONCHITIS 

The four groups of cases already described include all those with 
definite pulmonary consolidation following an attack of clinical influenza 
in which the Staphylococcus was the only or the predominant organism 
and was considered to be related to the pulmonary lesion. A fifth and 



FINLAND ET AL.— STAPHYLOCOCCIC PNEUMONIA 197 


large group of cases was encountered in which symptoms of influenza 
were associated with or followed by increased prostration, hoarseness 
and severe cough accompanied by presternal soreness and production 
of tenacious, purulent and occasionally blood-streaked sputum. The 
temperature in these cases was usually high (102 to 104 F.), the pulse 
rapid (100 to 140 per minute) and the respiratory rate somewhat 
increased. The leukocyte count was within the normal range (6,000 
to 10,000) . The only abnormal physical signs elicited in the lungs were 
numerous musical and occasional fine crepitant rales scattered throughout 
the lungs ; the latter were heard most frequently at the bases. Roentgen- 
ograms of the chest were usually read as normal, but close inspection 
often revealed increased bronchial markings and some areas of fine 
mottling, especially in the lower lobes. Fever and prostration in these 
cases lasted five to ten days, with a brief remission in some cases, but 
the cough and sputum persisted for several days longer. The course 
seemed to be affected only slightly, if at all, by therapy with either sulfa- 
thiazole (2-[paraaminobenzenesulfonamido]-thiazole) or sulfadiazine. 

This clinical picture was probably the predominant one in the cases of 
severe influenza which were presumed to be uncomplicated. It cor- 
responded in most respects to the influenza with “bronchiolitis” which 
Stuart-Harris and his co-workers ® considered to be the commonest 
lesion encountered in the influenza epidemic of 1936-1937 in England 
and which was also described at the same time by Scadding.® Blood 
cultures failed to yield growth in any case. Other bacteriologic studies 
were carried out in only a few of these cases, and they indicated that the 
flora in the sputum consisted chiefly of common mouth organisms. In 16 
cases that were studied the only or the predominant organisms were 
alpha hemolytic streptococci in 7 cases, beta hemolytic streptococci in 3, 
pneumococci (types XIII and XIX) in 2 and Staph, aureus in 4. In the 
last-named 4 cases the patients were young or middle-aged women whose 
illnesses did not differ in most respects from those caused by the other 
organisms except that the fever and symptoms persisted somewhat longer 
and seemed to respond less readily to therapy with a derivative of sulf- 
anilamide. Whether the Staphylococcus played any role in the pathologic 
condition in the lungs in these 4 cases is, of course, open to question. 

Serologic studies were made in 1 of the 4 cases in which staphylo- 
cocci were isolated, and a significant titer of complement fixation with 
influenza A virus was demonstrated. In 2 other cases in which the 

8. Stuart-Harris, C. H.; Andrewes, C. H., and Smith, W. : A Study of 
Epidemic Influenza, with Special Reference to the 1936-7 Epidemic, Medical 
Research Council, Special Report Series, no. 228, London, His Majesty’s Sta- 
tionery Office, 1938. 

9. Scadding, J. G.: Lung Changes in Influenza, Quart. J. Med. 6:425-465 
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clinical course was similar the virus itself was isolated by ferret inocula- 
tion of nasopharyngeal washings obtained in the early febrile stage.^® 
Staphylococci were not obtained in these 2 cases, and the course of illness 
in them was brief and comparatively mild. 

MISCELLAJCEOUS CASES OF STAPHYLOCOCCIC PNEUMONIA 

There were a variet}' of other cases of staphylococcic infections of 
the lung which were encountered during the same period. In the 
majority of these cases an antecedent history of influenza-like symptoms 
could be elicited. Some of the important features of these cases may 
be summarized briefly. 

In 5 cases the patients, all over 70 years of age, had chronic cardiac 
disease, and in 1 case a man aged 50 had chronic bronchial asthma; 
all of them were admitted to the hospital between January 10 and 27 
for an acute exacerbation of their chronic illness associated with an 
acute infection of the respiratory tract. The}'^ all died within ten days 
and were found to have ditiuse bronchopneumonia and congestive 
cardiac failure at autopsy. The asthmatic patient also had severe 
bronchiectasis and cor pulmonale. Abundant growth of Staph, aureus 
was obtained from the lungs in each case. This was the only organism 
recovered in 2 cases, while in the others small numbers of alpha 
and beta hemolytic streptococci, pneumococci (type XXIX) and 
Escherichia coli were obtained in addition.' Culture of heart blood 
yielded the staphylococcus in 1 instance, but showed no growth in the 
others. Cultures of sputum were made only in the case of the asthmatic 
patient and yielded Staph, aureus in almost pure culture from several 
specimens. 

In a seventh case a man of 55 was admitted to the hospital during 
the same period with S3anptoms of acute pneumonia following typical 
influenza. There were signs of irregular consolidation limited mostly 
to the upper lobes, and staphylococci predominated in cultures of 
several specimens of purulent sputum. Stained smears of the last 
three of eight specimens examined, however, also showed acid-fast 
bacilli. The patient’s fever and acute respiratory distress subsided after 
a week, but the lesion in the upper lobes persisted and later had the 
characteristic roentgen appearance of tuberculous infiltration. 

Three cases of focal infections are also of interest. In 1 case the 
patient was a woman of 31 who four weeks post partum had a breast 
abscess incised (culture not done) ; then clinical influenza developed, 
which was followed in a week by pneumonia of the lower lobe of the 
right lung. This was complicated, in turn, by a sterile pleural effusion. 
Cultures of thick purulent sputum on several occasions yielded Staph, 
aureus in almost pure culture, and this organism was also grown frorru 
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one of three blood cultures. The patient improved and became afebrile 
after three days of sulfadiazine treatment, and the lung gradually 
cleared after shoving small areas suggestive of cavities in a roent- 
genogram. The patient in the second case was a Negress aged 34 who 
had been in the hospital for several weeks and had recovered succes- 
sively from exfoliative dermatitis (due to arsphenamine) and sepsis 
caused by hemolytic streptococci. In the latter part of December 
symptoms of influenza and pneumonia developed ; Staph, aureus was 
recovered in several blood cultures and was predominant in cultures of 
the sputum, which also contained some hemolytic streptococci. The 
patient recovered from this illness after a long and severe course with 
intensive sulfathiazole and sulfadiazine therapy. In the third case 
typical influenza developed in a 3 ^outh of 19 on January 12; he had 
fever (a temperature up to 104 F.) for five days, after which he 
improved. On January 22 he had a chill, cough, headache and stuffiness 
of the nose. When seen two days later he had severe maxillary sinusitis 
and scattered rales in the lungs. Sputum and nasal secretions yielded 
Staph, aureus in pure culture, and the same organism was obtained 
from the blood culture. Sulfathiazole therapy was given; drainage of 
the sinus was established, and the patient made a rapid and uneventful 
recovery. 

OBSERVATIONS ON PNEUMOCOCCIC PNEUMONIA IN RELATION TO 
THE INFLUENZA AND THE STAPHYLOCOCCIC INFECTIONS 

A few observations concerning some of the cases of typical lobar 
pneumonia encountered during the influenza epidemic are worth men- 
tioning, since they are relevant to the subject at hand. 

During the first three weeks of January 22 patients admitted to four 
different medical wards with typical lobar pneumonia associated with the 
common types of pneumococci gave a history of symptoms of influenza 
beginning one to ten days before the onset of the pneumonia. In 10 of 
the 22 patients cultures of sputum showed Staph, aureus in abundance, 
either together with pneumococci from the start or appearing in later 
specimens at a time when the pneumococci declined in number or could 
no longer be isolated. Two of these 10 patients died ; both had type IV 
pneumococci and staphylococci in their sputum, and cultures made from 
the lung of 1 of these patients at autopsy showed both organisms. The 
other 8 patients had a prolonged course with low grade fever, and 
empyema developed in 1. The lesions in the lungs and the emp 3 '-ema 
cleared slowly but completely, although in some there was suggestive 
roentgen evidence of small cavities in the affected lobes during the course 
of the disease. Three of these patients had type I, 1 had type VIII and 
4 had type III pneumococci in the sputum. One of the patients with 
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type I and 3 with type III organisms had blood cultures positive for 
pneumococci, but the pleural fluid obtained from the patient with pneu- 
monia caused by type VIII pneumococci yielded a pure culture of 
Staph, aureus. 

While cases of “superinfection” with other organisms in the course 
of pneumococcic pneumonia are not infrequent,^® the Staphylococcus is 
not often the cause of such secondary infections. It is found much less 
frequently than hemolytic streptococci under such circumstances. The 
high proportion of cases with staphylococci in this brief interval is there- 
fore of added interest. Furthermore, similar cases were noted even 
before the appearance of influenza, since 3 instances had been recognized 
in the latter part of November. It is also worth mentioning that only 
4 cases of pneumonia caused by hemolytic streptococci were encountered 
during this epidemic. In 2 blood cultures were positive for such 
organisms; and in 1 there was associated empyema. In all four cases 
recover}'’ followed sulfadiazine treatment. 

Other indirect evidence of infection with influenza A virus in cases 
of typical pneumococcic pneumonia was obtained from the serologic 
studies of Pearson and his co-workers.^® They carried out complement 
fixation tests with influenza viruses on the serums obtained in a number 
of cases of classic lobar pneumonia due to common types of pneumococci 
and found titers of influenza A antibodies which were significantly high 
or which showed sufficient change to suggest recent infection with this 
virus. There was no evidence of infection with influenza B virus. 
The serums were originally collected for the purpose of studying the 
development of pneumococcus antibodies in cases of pneumonia in which 
treatment was with sulfathiazole and sulfadiazine. Type-specific pneumo- 
coccus antibodies were demonstrated during convalescence in almost all 
of these cases.^^ Of the patients admitted to this hospital during 
January, virus studies were made on 16, and the results suggested 
influenza A infection in 11, or 69 per cent. In the preceding and suc- 
ceeding months the percentage of such positive results was considerably 
smaller. 

SUMMARY ANP COMMENT 

We have presented the important features of 66 cases of staphylo- 
coccic infection of the lungs complicating clinical influenza in adults. In 
all cases the onset of symptoms of influenza occurred during the period 
of four weeks when the epidemic was -prevalent in and around Boston. 

10. Finland, M. ; The Significance of Mixed Infections in Pneumococcic Pneu- 
monia, J. A. AI. A. 103:1681-1686 (Dec. 1) 1934. 

11. Finland, M. ; Strauss, E., and Peterson, O. L. ; Antibody Response of 
Patients with Pneumococcic Pneumonia Treated with Sulfadiazine and Sulfathia- 
zole, Ann. Int. Afed. 16:1-16 (Ian.) 1942. 
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Taken together, these cases offer a sort of panorama of the variety of 
forms in which the Staphylococcus manifested itself, in the respiratory 
tract of patients with influenza during this outbreak. 

Some of the more relevant data are summarized in table 4. All age 
groups were represented. Cases of such infection occurring in infants 
and children were not included, but a number of such patients with 
pneumonia having bacteremia and empyema caused by Staph, aureus 
were treated in the hospital during this period, and some of the infants 
died. Among the 66 adults the deaths occurred predominantly in 
patients over 60 years old, but the fatalities in the acute fulminating 
infections occurred mostly in middle-aged people. There were 21 deaths 
in all, a mortality of 32 per cent. Actually, the mortality probably was 
lower, since many more cases of influenza with minimal signs in the lung 
(group V) might have been included had more complete bacteriologic 
studies been made in all such cases. 

Blood cultures positive for Staph, aureus were obtained in 11 cases, 
in 4 of which the patients died. Hemolytic streptococci were obtained 
from the blood in 1 case of fulminating disease, and pneumococcic bac- 
teremia was demonstrated in 4 cases of lobar pneumonia in which there 
were mixed infections or a superinfection with staphylococci. Pleural 
effusions were encountered in 15 cases. These proved to be sterile in 
6 cases, while cultures of pleural fluid in the other 9 yielded Staph, 
aureus. In 2 of the 9 cases the fluid was discovered at autopsy. 

The virus studies carried out by Pearson and his associates indi- 
cated that influenza A played a role in this epidemic and in these cases. 
The virus was isolated in 2 cases of uncomplicated influenza and was 
presumptively demonstrated in the lung in 1 of the acute and fatal cases. 
Immunologic evidence of infection with influenza A (and not influenza 
B) was obtained in 7 cases and was also demonstrated in 3 of the 5 
cases of staphylococcic pneumonia that were encountered during this 
epidemic at the Peter Bent Brigham Hospital.^ There was evidence of 
influenza A infection in cases of pneumococcic pneumonia encountered 
here during the height of the epidemic, and the virus was isolated in 
cases of influenza in many other parts of the country.^ 

Therapy with one or more derivatives of sulfanilamide was used in 
all but 6 cases. In some of the cases of severe disease 9 and even 12 Gm. 
was given daily for several days, but in most cases the patients received 
the usual dose of 1 Gm. every four hours during most of the febrile 
stage and either 6 or 4 Gm. daily for a few days thereafter. Sulfathia- 
zole and sulfadiazine seemed to be equallj^ effective. Some patients were 
changed from one of these drugs to the other, either because the supply 
of sulfadiazine was temporarily exhausted or because of toxic effects 
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from sulfathiazole. Treatment in the cases of severe disease was con- 
tinued for one to four weeks, but in cases of the milder forms the drugs 
Avere gh^en for only two to five days. It is of particular interest that in 
4 of the 6 cases of empyema (excluding the 3 cases of fulminating dis- 
ease, in 2 of which the infected fluid was found at autopsy) complete 
recovery under chemotherapy occurred after one or more thoracenteses 
and did not require surgical drainage, although thick purulent fluid was 
obtained in some cases. The occurrence of sterile pleural effusions in 
cases of severe infection with recovery and the low fatality in cases with 
positive blood cultures are further indications of the efficacy of the drugs 
in the treatment of these infections. 

While in 1 case of large pulmonary abscesses treatment was surgical, 
in others less extensive cavitation apparently healed completely without 
operation. Cases in which large abscesses associated with staphylococcic 
pneumonia healed spontaneously have been observed by one of us 
(M. F.) and have also been reported by Reimann.^- Under such cir- 
cumstances there is usually profuse purulent expectoration at the time 
Avhen the fever begins to subside. 

The exact role of the Staphyloccocus in all of these cases is difficult 
to evaluate. The high incidence of abscesses of the lung, of empyema 
and of bacteremia associated with pure cultures of Staphylococcus is 
strong evidence that this organism must have played an important role 
in the pulmonary infections described. 

Staphylococcic pneumonia has been recognized since the influenza 
pandemic of 1889-1890. The distinctive pathologic changes were noted 
by Fraenkel in cases of influenzal pneumonia and later were identified 
Avith the staphylococcic bronchopneumonias by him and by Netter.^^ 

In that epidemic, Avhile the Staphylococcus Avas cultured from the 
lungs occasionally, it Avas not frequent and was not considered important. 
The influenza bacillus Avas considered by most workers to be the signifi- 
cant organism,^® although the Streptococcus Avas thought b}'’ some, 
notably Finkler,^® to be the important cause of the severe influenzal 
pneumonias. 

12. Reimann, H. A.; Primary Staphylococcic Pneumonia, J. A. M. A. 101 . 
514-520 (Aug. 12) 1933. 

13. Fraenkel, A.; Spezielle Pathologic und Therapie der Lungenkrankheiten, 
Berlin, Urban & SchAvarzenberg, 1904. 

14. Netter : Etude bacteriologique de la bronchopneumonie chez 1 adulte et chez 
I’enfant, Arch, de med. exper. et d’anat. path. 4:28-65, 1892. 

15. Leichtenstern, O. : Influenza, in Nothnagel, H. : Speciellc Pathologic un 
Therapie, Vienna, Alfred Holder, 1896, vol. 4, pt. 1, pp. 1-195. 

16. Finklcr, D. : Influenzapneumonie, Deutsche med. V'chnschr. 16:84-86 (Jan- 

30) 1890. 
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In the '^-1918 pandemic, also, while the influenza bacillus of Pfeiffer 
was found to be predominant in the lungs in fatal cases by many 
observers in some areas, it was not frequent in othersd® The hemolytic 
Streptococcus was apparently the most important organism found during 
that epidemic in the influenzal pneumonias that occurred in many locali- 
ties, particularly in the United States Army camps.^® Nevertheless, there 
were three reports during the 1918 epidemic of sizable groups of cases 
of influenzal pneumonia in which the Staphylococcus was the only or 
the. predominant organism in a large proportion of the severe and fatal 
infections. All cases were encountered in military hospitals ; the largest 
■series, at Camp Jackson, S. C., was reported by Chickering and Park 
and the others occurred at Malta and in the Third Canadian General 
Hospital in France.^’ Since that time, individual cases or small groups 

17. (a) Report on the Pandemic of Influenza, 1918-19, Ministry of Health, 

Reports on Public Health and Medical Subjects, no. 4, London, His Maj'esty’s 
Stationery Office, 1920. (b) Fildes, P.; Baker, S. L., and Thompson, W. R. : 

Provisional Notes on the Pathology of the Present Epidemic, Lancet 2:697-700 
(Nov. 23) 1918. (c) MacCallum, W. G. : Pathology of the Pneumonia Following 
Influenza, J. A. M. A. 72:720-723 (March 8) 1919. (d) Hall, J. N.; Stone, 

M. C., and Simpson, J. C. ; The Epidemic of Pneumonia Following Influenza at 
•Camp Logan, Texas, ibid. 71:1986-1987 (Dec. 14) 1918. (e) Goodpasture and 

Burnett.^ b 

18. (o) Hirsch, E. F., and McKinney, M. : Epidemic of Bronchopneumonia at 
‘Camp Grant, Illinois: Preliminary Bacteriologic Report, J. A. M. A. 71:1735- 
1736 (Nov. 23) 1918; (b) An Epidemic of Pneumococcus Bronchopneumonia, J. 
Infect. Dis. 24:594-617 (June) 1919. (c) MacCallum.^^c 

19. (a) Arnold, L. : Classification of Streptococcus : 11. Streptococci Isolated 

-from Influenza Throats, Classified by Sugar Fermentations, J. Lab. & Clin. Med. 
•5:591-592 (June) 1920. (6) Opie, E. L. ; Blake, F. G. ; Small, J. C., and Rivers, 
T. M. : Epidemic Respiratory Disease ; The Pneumonias and Other Infections of 
the Respiratory Tract Accompanying Influenza and Measles, St. Louis, C. V. 
Mosby Company, 1921. (c) Opie, E. L.; Freeman, A. W. ; Blake, F. W.; Small, 
J. C., and Rivers, T. M. : Pneumonia Following Influenza (at Camp Pike, Ark.), 
J. A. M. A. 72:556-565 (Feb. 22) 1919. (d) Small, A. A.: Pneumonia at a Base 
Hospital : Observations in One Thousand and One Hundred Cases at Camp Pike, 
Ark., ibid. 71:700-702 (Aug. 31) 1918. (e) Miller, J. L., and Lusk, F. B.; 

Epidemic of Streptococcus Pneumonia and Empyema at Camp Dodge, Iowa, ibid. 
71:702-703 (Aug. 31) 1918. (/) Dwinell, W. G. ; Laboratory Reports on Epi- 
demic Pneumonia, Camp Dodge, Iowa, Am. J. M. Sc. 158:216-232 (Aug.) 1919. 

20. Chickering, H. T., and Park, J. H., Jr.; Staphylococcus Aureus Pneu- 
monia, J. A. M. A. 72:617-626 (March 1) 1919. 

21. Patrick, A.; Note on Staphylococcus Aureus Septicemia as a Complica- 
tion of Influenza in -an Epidemic in Malta, Lancet 1:137-138 (Jan. 25) 1919. 

22. Tytler, W. H. ; Janes, R. M., and Dobbin, G. M. ; Pathological and Bac- 
teriological Findings in Fatal Cases of Pneumonia During the Influenza Epidemic 
of October and November 1918, in Studies of Influenza in Hospitals of the British 
Armies in France, 1918, ^ledical Research Committee, Special Report Series, 
no. 36, London, His Maj'esty’s Stationery Office, 1919, pp. 77-87. 
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of cases of staphylococcic pneumonia have been reported in which there 
was an antecedent history of influenza-like symptoms or which occurred 
during influenza outbreaks.-® Influenza A virus was isolated, along with 
Staph, aureus, from the lungs in 3 cases of acute fulminating pneumonia 
during the 1936-1937 epidemic in England by Stuart-Harris and his 
co-workers.® They suggested that when Staph, aureus is the secondary 
invader, death is apt to occur more quickly at a time when the virus is 
still easy to recover. One of these cases was also reported by Scadding.® 
Stokes and Wolman also reported isolation of influenza A virus and 
Staph, aureus in a single case in 1940. 

It seems clear that the Staphylococcus may find fertile soil in the 
bronchi and lungs of occasional patients with influenza. Under certain 
conditions this organism may assume an epidemic spread along with the 
causative virus of influenza. Whether such a spread requires an unusual 
local prevalence of the organism or some peculiarity in the pathogenicity 
of the strains of Staph 3 dococcus is not clear. In the case of the hemolytic 
Streptococcus the experience in the United States Army camps in 1918 
suggested that the preceding history of infections in any given area may 
play an important role in the high incidence of that organism in the 
influenzal pneumonias. In many of these camps the epidemic of influenza 
was preceded by outbreaks of scarlet fever and measles, and these, in 
turn, were associated with a widespread prevalence of hemolytic strepto- 
cocci.®^ In the present instance staphylococcic pulmonary infections 
had been noted prior to the epidemic in more than the expected fre- 
quency and have been encountered relatively often in the ensuing months. 

From a practical point of view, it would seem important to bear in 
mind the possibility that both staphylococci and hemolytic streptococci 
may be associated with severe pulmonary complications of epidemic 
influenza. The results of treatment with sulfathiazole and sulfadiazine 
in the cases reported here indicate that, except perhaps in some of the 

23. (a) Stokes, J., and Wolman, I. J.: The Probable Synergism of Human 

Influenza Virus and Staphylococcus Aureus in a Rapidly Fatal Respiratory 
Infection, Intemat. Clin. 1:115-122 (March) 1940. (t>) Burgess, A. M., and 

Gormley, C. F. : Pneumonia in Relation to an Epidemic of “Mild” Influenza, 
with Report of Three Fulminating Cases Apparently Due to Staphylococcus 
Aureus, New England J. Med. 202:261-264 (Feb. 6) 1930. .(c) Stuart-Harris, 
Andrewes and Smith.® (d) Scadding.® (e) Reimann.^^ 

24. (a) Opie, E. L. ; Freeman, A. W. ; Blake, F. G. ; Small, J. C., and Rivers, 

T. M. ; Pneumonia at Camp Funston : Report to the Surgeon-General, J. A. 
M. A. 72:108-116 (Jan. 11) 1919. (b) Clendening, L.: Reinfection with Strepto- 
coccus Hemolyticus in Lobar Pneumonia, Measles and Scarlet Fever and Its 
Prevention, Am. J. M. Sc. 156:575 (Oct.) 1918. (c) Cole, R., and MacCallum, 

W. G. : Pneumonia at a Base Hospital, J. A. M. A. 70:1146-1156 (April 20) 
1918. (d) Goodpasture and Burnett.'^'’ (c) Small.^®'* 
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severe and fulminating forms, considerable benefit may be expected from 
their earl}’’ and intensive use. Both these drugs seemed equally effective, 
but sulfadiazine has proved to be considerably less toxic.^'* It would 
also seem wise, during periods of epidemic prevalence of influenza, to 
employ these drugs in treatment in all cases of severe influenza, particu- 
larly if cultures of sputum show that hemolytic streptococci or Staph, 
aureus are unusually prevalent in an individual patient or ' in a com- 
munity. This procedure was adopted here and elsewhere and may 
have resulted in reducing the number and severity of pulmonary compli- 
cations, although that fact is difficult to establish from the available data. 
In cases in which the pulmonary complications have not become estab- 
lished, a short course of treatment lasting two or three days should 
suffice. 

CONCLUSIONS 

Pneumonia caused by Staph, aureus may occur in patients with 
clinical influenza and may assume epidemic proportions in local areas 
during an influenza epidemic. The staphylococcic infection in the lung 
in an individual patient may assume any of a large variety of forms, 
varying from simple tracheobronchitis with minimal pulmonary involve- 
ment to a fulminating acute and fatal hemorrhagic and edematous 
pneumonia or a chronic organizing pneumonia with bronchiectasis and 
multiple abscesses. Intensive treatment of such infection with sulfadiazine 
or sulfathiazole is indicated. A brief course of treatment with these 
drugs is suggested for severe uncomplicated influenza in patients who 
harbor large numbers of pathogenic staphylococci or hemolytic strepto- 
cocci or when these organisms are known to be prevalent in a community. 

818 Harrison Avenue. 

25. Finland, Al. ; Strauss, E., and Peterson, O. L. : Sulfadiazine: Therapeutic 
Evaluation and Toxic Effects on Four Hundred and Forty-Six Patients, J. A. 
M. A. 116:2641-2643 (June 14) 1941. 

26. (a) Menefee, E. E., Jr., and Speed, J. A.: Treatment of Infections of the 
Respiratory Tract with Sulfonamides, North Carolina M. J. 2:611-613 (Nov.) 
1941. (&) Adamson, J. D., and Flett, R. O.: The Inefficacy of Sulfapyridine in 
Influenza, Canad. M. A. J. 46:121-123 (Feb.) 1942. 



EXOPHTHALMOS IN PATIENTS WITH VARIOUS 
TYPES OF GOITER 
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Exophthalmos may be defined as protrusion of the globe of the eye. 
It occurs in diseases of the thyroid, sinusitis, intracranial arteriovenous 
aneurysms, benign or malignant tumors (either primary or metastatic) 
of the orbit or within the cranial vault, thrombosis of the cavernous sinus, 
myopia, xanthomatosis, congenital malformations of the skull, Paget’s 
disease and other diseases of the bones and hypertension. It rarely 
appears as “voluntary” exophthalmos. The discussion in this paper will 
be limited to the exophthalmos that occurs in certain types of disease 
of the thyroid. 

The mechanism of the exophthalmos associated with spontaneous or 
experimental thyrotoxicosis varies because of the anatomic peculiarities 
of different species of animals. In animals other than man stimulation of 
the cervical sympathetic nerves causes protrusion of the eyeball by con- 
traction of Muller’s muscle.’- • Although in man Muller’s muscle is 
vestigial, many studies have been made concerning the role of cervical 
sympathetic stimulation in the exophthalmos of hyperthyroidism in 
human beings. Jonnesco " reported relief of exophthalmos in patients 
with toxic goiter following resection of the cervical sympathetic 
ganglions. Similar results were reported by Reinhard ® ^ut MacCallum 
and Cornell were unable to confirm this work. None of these investi- 

From the Department of Medicine, University of California Medical School. 

Statistical assistance -was given by Dr. Nathan W. Shock, of the Department of 
Physiology and the Institute of Child Welfare, University of California, Berkeley. 

1. (a) Muller, H., cited by MacCallum and Cornell.^<= (b) Wagner, R. : 

Notiz fiber einige Versuche am Halstheile des sympathischen Nerven bei einer 
Enthaupteten, Ztschr. f. rat. Med. 5:331-333, 1859. (c) MacCallum, W. G., and 

Cornell, W. B. ; On the Mechanism of Enophthalmos, Tr. A. Am. Physicians 
19:56-63, 1904. (d) Karplus, J. P., and Kreidl, A.: Gehirn und Sympathicus: I. 
Zwischenhirnbasis und Halssympathicus, Arch. f. d. ges. Physiol. 129:138-144, 1909. 

2. Jonnesco, T. : The Enduring Results of Total Bilateral Resection of the 
Cervical Sympathetic in Basedow’s Disease, Internat. Clin. 1:136-148, 1903. 

3. Reinhard, W. : Experimentelle Untersuchungen iiber die Beziehungen des 
Halssympathicus zur Schilddruse, Deutsche Ztschr. f. Chir. 180:170-176, 1^23 , 
Die Sympathicus-Ganglion Exstirpation bei Morbus Basedowii, ibid. 180:177-19 , 
1923. 
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gators checked his clinical observations by measuring the degree of 
exophthalmos. It remained for Unverricht,^ Mutch ^ and Pochin ° to 
demonstrate in precise fashion that in human beings ocular proptosis was 
not produced stimulation of the cervical sympathetic nerves. 

The cause of the exophthalmos frequently associated with spontane- 
ous hyperthyroidism in human beings has been a subject of much debate 
and speculation. An increase in retrobulbar fat has been postulated (see 
the references cited by Naffziger and Jones"). Some authors have 
expressed the belief that venous congestion and edema were responsible 
for the proptosis. Daniel ® suggested that in patients with hyper- 
thyroidism excessive tone of the rectus muscles could cause formation 
of local tissue fluids at the rate of 2 cc. per minute per hundred grams 
of muscle and thus could increase the pressure in the ophthalmic veins 
and produce edema. In connection with this hypothesis it is interesting 
to note Burch's ° observation that the distensibility of the skin about the 
eyelids is much greater than that of skin of other parts of the body. In 
other words, increased hydrostatic pressure may have more profound 
effects on the orbital tissues than on tissues elsewhere in the body. 

In recent years important pathologic changes in the extraocular mus- 
cles and in other orbital tissues have been demonstrated in cases of 
exophthalmos. Dudgeon and Urquhart’-® observed degeneration and 
lymphocytic infiltration in the extraocular muscles of 8 of 9 patients with 
hyperthyroidism and noted similar changes in cardiac muscle and in the 

4. Unverricht : Experimentelle Untersuchungen iiber die Ursache der Exoph- 
thalmos, Klin. Wchnschr. 4:878-879 (April 30) 1925. 

5. Mutch, J. R. : Pupil After Cervico-Thoracic Sympathetic Ganglionectomy : 
Photographic Observations in Man, Edinburgh M. J. 43:743-746 (Dec.) 1936. 

6. Pochin, E. E. : Ocular Effects of Sympathetic Stimulation in Man, Clin. Sc. 
4:79-89 (June) 1939. 

7. (a) Naffziger, H. C. : Progressive Exophthalmos Following Thyroidectomy: 
Its Pathology and Treatment, Ann. Surg. 94:582-586 (Oct.) 1931; (b) Progressive 
Exophthalmos After Thyroidectomy, West. J. Surg. 40: 530-543 (Oct.) 1932. 

(c) Naffziger, H. C., and Jones, O. W. : The Surgical Treatment of Progressive 
Exophthalmos Following Thyroidectomy, J. A. M. A. 99:638-642 (Aug. 20) 1932. 

(d) Naffziger, H. C.: Pathologic Changes in the Orbit in Progressive Exoph- 
thalmos, Arch. Ophth. 9:1-11 (Jan.) 1933; (e) Progressive Exophthalmos Asso- 
ciated with Disorders of the Thyroid Gland, Ann. Surg. 108:529-544 (Oct.) 1938. 

8. Daniel, R. ; Enophthalmos Associated with Hyperthyroidism: Suggestion 
Regarding Other Possible Factors in Etiology, Proc. Staff Meet., Ma 3 'o Clin 
13:683-688 (Oct. 26) 1938. 

9. Burch, G. E. : Formation of Edema in Eyelids of Alan : Influence of Local 
Tissue Pressure, Skin Distensibility, Lymph Flow, Intraorbital Pressure Gradient 
and Venous Pressure, Arch. Int. Med. 65:477-498 (March) 1940. 

10. Dudgeon, L. S., and XJrquhart, A. L.: Lymphorrhages in Muscles in 
Exophthamic Goiter, Brain 49:182-186 (June) 1926. 
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deltoid, rectus femoris and biceps muscles. Von Zalka “ found an increase 
in size and lymphocytic infiltration in the extraocular muscles of 16 
patients who died of exophthalmic goiter. These changes, which also have 
been described by other observers, are similar to those noted by Naffziger 
and Jones ^ in patients with progressive exophthalmos, “round cell infil- 
tration, marked edema, destruction of muscle fibers and complete loss of 
architecture with an increase in fibroblasts and a generalized fibrosis.^®” 
Smelser has stressed edema and abnormalities of tissues other than 
muscle in the orbit of animals — a point not emphasized in studies 
reported on human beings. These mechanical changes are sufficient to 
account for the exophthalmos in patients with spontaneous thyrotoxicosis. 
The primary mechanism behind these pathologic changes in the orbit is 
not clear, but recent work would indicate that it is related to the function 


i 

Stare without exropbtrloalnoos 


H. KxopbtbalriQOS 

Fig, 1. — The eyes of the patient in the upper photograph measure 15 mm. 
from the deepest part of the lateral wall of the orbit to the point of greatest 
convexity of the cornea, while those of the patient in the lower photograph 
measure 25 mm. (left eye) and 27 mm. (right eye). 

of the anterior lobe of the pituitary and perhaps of the gonads and the 
adrenal cortex. 

One of the reasons for confusion as to the presence or absence of 
exophthalmos has been the failure of many clinicians to distinguish 
“stare,” or retraction of the upper (and perhaps the lower) lid, from 
protrusion of the eyeball (fig. 1). The statement one hears so fre- 

11. von Zalka, E. : Ueber die Veranderungen der ausseren Augenmuskeln und 
ihre Bedeutung bei Morbus Basedowii, Beitr. z. path. Anat. u. z. allg- at 

92:239-252, 1933. _ .. 

12. Smelser, G. K. : The Histology of Orbital and Other Fat Tissue De^sits 

in Animals with Experimentally Produced Exophthalmos, Am. J. ^^th. “ 

(May) 1939; The Role of the Cervical Sympathetic Ganglia and Mullers Orbi a 
Muscle in Experimental Exophthalmos, Am. J. Ophth. 22:1201-1209 (Rov.) 
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■quently that “the eyes snapped back after the goiter was removed” 
usuall}* means that the stare disappeared ; it usually does not mean that 
the eyeball protruded to a lesser degree. Clinical impressions of the 
degree of prominence of the eyes may be misleading in enophthahnos 
as well as in exophthalmos. For example, it has been assumed generally 
that enophthahnos occurs in liorner’s syndrome (paralysis of the cer- 
-\dcal sympathetic nerves) in human beings; yet Wagener and Pochin ° 
showed by measurement with an exopthahnometer that enophthahnos 
was not present consistent!}’. This observation is confirmed in the 
present report. Ptosis of the upper lid and elevation of the lower lid 
give an illusion of enophthahnos that is readily dispelled when the eyes 
are observed with the lids gently closed. 

Several other clinical situations may give rise to a false impression 
of exophthalmos. Lid lag is not infrequently associated with unilateral 
ptosis of an upper eyelid. The ptosis is compensated partially by eleva- 
tion of the upper eyelid and the eyebrow through contraction of the 
frontalis muscle. This condition, associated with overaction of the con- 
tralateral levator palpebrae superioris, caused lid lag in the opposite eye. 
Lid lag may be seen in normal persons or in anxious patients who show 
evidences of sympathetic overactivity. Realization of these factors would 
prevent acceptance of these false clues as evidences of hyperthyroidism. 

There are a number of simple clinical correlations that aid in estimat- 
ing exophthalmos. The distance from the deepest portion of the lateral 
wall of the orbit to the point of greatest convexity of the cornea may be 
detennined and compared with similar observations on normal persons. 
In persons with exophthalmos the eyes have a staring and uncomfortably 
prominent appearance. Palpation with the fingers gives a sensation of 
increased orbital resistance. Lacrimation is excessive and may be asso- 
ciated with conjunctival injection and subjective discomfort. Periorbital 
edema is common. Patients often complain of a sense of pressure behind 
the eyes. Edema of the sclera, although infrequent in ordinary degrees 
of exophthalmos, is common in patients with severe progressive exoph- 
thalmos. Due to greater lid retraction on one side, more sclera may 
show in one eye than in the other, but usually measurement reveals little 
difference in the prominence of the two eyes, although differences of 
1 to 4 mm. have been noted. Impaired convergence is nearly always 
present in patients with exophthalmos and may be found in the absence 
of exophthalmos. Diplopia is rare unless exophthalmos really exists. 
Lid lag may be present without exophthalmos. 

13. Wagener, H. P.: Enophthalmos in Horner’s Syndrome, Tr. Am. Ophth 
Soc. 31:166-175, 1933. 
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The foregoing discussion shows that the presence of exophthalmos 
can be confirmed only by careful observation and by actual measure- 
ment. The instrument used in the studies reported here was the Hertel 
exophthalmometer (figs. 2 and 3). The instrument allows the 
observer to measure the distance between the deepest part of the lateral 
wall of the bony orbit (situated at or just below the frontozygomatic 
junction) and the point of greatest convexit}^ of the cornea. The two 



Fig. 2. — The Hertel exophthalmometer. 



Fig. 3. — Manner of using the Hertel exophthalmometer. The arrow points to the 
reflection of the cornea. 

eye pieces are so arranged that the distance between them may be varied 
according to the variable distances between individual pairs of eyes. 
Once the optimum position for placing of the eye pieces is found, the 
distance, which is recorded in millimeters (as “Bar at 105”), is used for 
all subsequent measurements on the same patient. The distance in each 
eye from the greatest depth of the lateral orbital wall to the anterior 
part of the cornea also is recorded in millimeters. The patient is seated 

14. Hertel: Ein einfaches Exophthalmometer, .A.rch. f. Ophth. 60:171-174. 190a 
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upright with his eyes directed straight ahead while the leadings are 
made. These measurements are made with the aid of two mirrors set 
at right angles (figs. 2 and 3). 

The purpose of this paper is to record the measurements of the eyes 
of (1) 65 normal persons, (2) 106 patients with toxic diffuse goiter, 
(3) 52 patients with toxic nodular goiter, (4) 55 patients with nontoxic 
nodular goiter and (5) 2 patients before and after unilateral paralysis 
of the cervical sympathetic ganglions. 

KORMAL PERSONS 

Only a few measurements of the eyes of normal persons have been 
reported in the literature. The measurements on 200 normal persons 
published in “The American Encyclopedia and Dictionary of Ophthal- 
mology” averaged 12 to 14 mm. Ruedemann obtained readings of 
14 to 20 mm. on 1,000 normal persons. Wagener found that in 80 per 
cent of 200 persons the measurements fell between 15 and 20 mm;, with 
a range of 11 to 24 mm. Brain obtained an average reading of 12.5 
mm. but did not state the number of subjects examined ; he later reported 
a maximum reading of 16 mm. (with the Hertel instrument). 

My own measurements were made on 65 normal persons. The mean 
age was 32 years. The group consisted of 42 women (mean age 32 
years) and 23 men (mean age 31.9 years). The youngest person was 
19 and the oldest 51. The mean distance for each eye was 15.9 mm., 
and the range was 11.5 to 20 mm. (table 1), 

The range of measurement in normal persons is wide. Great varia- 
tions are observed in the prominence of the eyes as well as in the shape 
of the nose. One eye may be more prominent than the other. In addi- 
tion, the ineyitable error in measurement, as determined by repetition, is 
usually about 0.5 mm, but may be 1 mm. or more (von Birch- 
Hirschfeld,^® Pochin®). If different observers measure the eyes of the 
same person, even with the same instrument, the error obviously is even 

15. Wood, C. A.: The American Encyclopedia and Dictionary of Ophthalmol- 
ogy, Chicago, Cleveland Press, 1915, vol. 7, p. 4851. 

16. Ruedemann, A. D. ; The Ductless Glands as They Appertain to Eye Diseases 
and to Surgery, J. A. M. A. 97:1700-1704 (Dec. 5) 1931; Exophthalmos, Cleve- 
land Clin. Quart. 4:66-75 (Jan.) 1937; Eye Changes Accompanying Hyperthy- 
roidism, Ohio State M. J. 26:318-320 (April) 1930. 

17. Brain, W. R.: Exophthalmic Ophthalmoplegia, Tr. Ophth. Soc. U. Kingdom 
57:107-115, 1937. Brain, W. R., and Turnbull, H. M. : Exophthalmic Ophthalmo- 
plegia, with Pathological Report on Ocular Muscles and Thyroid Glands Ouart 
J. Med. 7:293-323 (April) 1938. 

18. von Birch-Hirschfeld : Ein neuer Exophthalmometer Klin Monatsbl f 

Augenh. 38:721-726, 1900. ‘ ' ‘ 
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greater. The error is minimized by practice on the part of the operator 
and by careful placing of the instrument for each measurement. All the 
readings recorded in this study were made over a period of about five 
and a half years by the same observer with the same instrument. 

PATIENTS WITH TOXIC DIFFUSE GOITER 

This group consisted of 106 patients, all of whom had unquestioned 
hyperthyroidism, as determined by carefully taken histories, physical 
examinations and pertinent laboratory tests. All the patients whose 
thyroids contained nodules were eliminated from this group. The 
thyroids from all the patients, with the exception of those who were 
treated with roentgen rays, were examined pathologically.^® The glands 


Table 1. — Eye Measurements * 




Number 


Standard 



Spbjects 


of 


Deviation of 



Eyet 

Subjects 

Mean 

Distribution 

ffMean 

Range 

Normal persons 

OD 

65 

15.9 

1.84 

0.23 

11.6.20.0 


os 

65 

15.9 

1.75 

0.22 


Patients with 

OP 

55 

15.8 

1.92 

0.26 

12.5-20.5 

nontoxic nodular 
goiter 

OS 

55 

15.8 

1.90 

0.26 

12.0-20.0 

Patients with 

OD 

106 

17.7 

2.70 

0.26 

11.0-29.0 

toxic diffuse 
goiter 

OS 

100 

17.6 

2.56 

0.25 

12.0-28.0 

Patients with 

OD 

52 

16.6 

2.90 

0.40 

11.0-22.5 

toxic nodular 
goiter 

OS 

6S 

16.5 

2.74: 

0.33 

11.0-22.5 


* All measurements were made in millimeters. 

f The following abbreviations have been used: OP, right eye; OS, left eye. 


were cut serially, and representative sections were examined micro- 
scopically. Twenty-five of these patients were men (mean age 39.4 
years), and the remainder were women (mean age 33.9 years). The 
mean age of the group was 35.2 years; the youngest patient was 12 years 
of age and the oldest 60. The mean measurement was 17.7 mm. for 
the right, and 17.6 mm. for the left, eye. The results of the statistical 
study are shown in table 1. All measurements were made before surgi- 
cal or roentgen ti*eatment had been instituted. 

As in normal persons, the prominence of the eyes in patients with 
toxic diffuse goiter varies widely. But a sufficient number of these 
patients had more prominent eyes than normal persons so that the proba- 
bility of the mean difference of approximately 1.8 mm. being a chance 

19. A clinicopathologic study of disease of the thyroid in over SOO patien^ 
followed up for as much as six years after treatment is being earned out with 
Dr. Karl B. Eichorn. The patients referred to in the study reported here are 
included in the larger group of 500 patients. 
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phenomenon is less than 1 in 100,000 (table 2). In other words, these 
measurements confirm the presence of exophthalmos in patients with 
“exophthalmic” goiter. Of the group of 106 patients studied here, 71 
had clinical exophthalmos. In these, the average measurement of the 
right eye was 18.6 mm., and that of the left, 18.5 mm. Thus, in patients 
with clinical exophthalmos the eyes are more prominent by measurement 
than in patients without clinical exophthalmos. 

It is interesting to compare the results of a relatively precise method 
of estimating exophthalmos with clinical impressions. In this series of 
106 patients 33 per cent had more prominent eyes than all but 5 per cent- 
of the normal persons. In Cattell’s series of 800 patients with exoph- 
thalmic goiter 364, or 46 per cent, had exophthalmos as determined by 
the clinician’s impression. 


Table 2. — Significance of Differences in Eye Measurements'^- of Patients 
with Various Types of Goiter 




Right Eye 

I 



Left Eye 



Mean 

O' 


Mean 


% 


Differ- 

Differ- 

Critical 

Differ- 

Differ- 

Critical 

Typo of Goiter 

ence 

ence 

Ratio t 

ence 

ence 

Ratio 

Nontoxic nodular and normal con- 









0.35 

—0.31 

— 0.U3 

0.34 

—0.09 

Toxic diffuse goiter and normal 

onriflitinn 

1.78 

0.35 

5.09 

1.75 

0.33 

6.30 

Toxic nodular goiter and normal 

condition 

Toxic diffuse goiter and toxic nod- 

0.G7 

0.4G 

1.46 

0.6G 

0.44 

1.50 

ular goiter 

—1.11 

0.48 

—2.31 

—1.09 

0.45 

—2.42 


* AU measurements were made in millimeters. 

t A critical ratio of 5.0 means roughly that the probabilities of the difference being a 
chance phenomenon are about 1 in 100,000. 


Seventy-eight of the 106 patients were followed up for five years or 
longer. Of these, 59 were treated by subtotal thyroidectomy (surgical), 
16 by roentgen therapy and 3 both by surgical intervention and by roent- 
gen therapy (of these 3, 2 had surgical treatment first and 1 had roentgen 
treatment first). In 38 of these 78 patients the increase in the promi- 
nence of one or both eyes was 1.5 mm. or more in an average of ten 
and eight-tenths months after treatment; in 19 the increase was 0.5 to 
1.0 mm.; in 9 no change occurred; in 6 a decrease of 0.5 to 1.0 mm. 
was noted, and in 6 the decrease was 1.5 mm. or more. Of the 38 
patients whose eyes became significantly more prominent, 13 had either 
hypothyroidism or frank myxedema. The average weight of the thyroids 
removed from patients whose eyes became more prominent was 2 Gm. 
greater than that of the glands of patients whose eyes did not become 

20. Cattdl, R.-B.: Eye Complications in Exophthalmic Goiter: Cataracts and 
Exophthalmos, Ann. Surg. 100:284-303 (Aug.) 1934. 
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more prominent. The changes in body weight were as follows : Those 
patients with a significant increase in exophthalmos gained an average 
of 21.5 lb. (10 Kg.) ; those with no change in the eyes gained an average 
of 18.5 lb. (8 Kg.), and those whose eyes regressed significantly gained 
an average of 15.6 lb. (7 Kg.). Only 3 of the 16 patients treated with 
roentgen rays alone had an increase of 1.5 mm. or more in one or both 
eyes, in contrast to 34 of 59 patients treated surgically. 

The only apparent explanation for the relatively greater incidence of 
what may be termed mildly progressive exophthalmos in the surgically 
treated patients is that in general their thyroid function changes much 
more rapidly from a state of hyperactivity to a normal or subnormal 
state. On the other hand, when roentgen therapy is used, recovery is 
a much slower process in which even relatively rapid changes seldom 
are seen. Hypothyroidism did not develop in any of the patients so 
treated. 

At the 1941 meeting of the Association of American Ph 3 'sicians Dr. 
James H. Means stated that in patients with exophthalmic goiter in 
whom the exophthalmos was one of the prominent symptoms the treat- 
ment should be directed toward relieving the ocular condition. He sug- 
gested that radical subtotal thyroidectomy probably should be avoided. 
The results reported here (presented at the 1941 meeting of the Asso- 
ciation for the Study of Internal Secretions) bear out his contention. 
They certainly do not support the opinion of many surgeons that patients 
with severe exophthalmos should have their thyroids removed surgi- 
cally rather than treated b}^ roentgen ray “in order to prevent the prog- 
ress of exophthalmos.” 

PATIENTS WITH TOXIC NODULAR GOITER 

Since these patients fall in the group which has aroused the most 
discussion among physicians interested in hyperthyroidism, it is well 
to begin with a definition of terms. Simply stated, alD52 patients had 
unquestioned hyperthyroidism as well as nodular thyroids. One patient 
only was not operated on; she was included because all membeis of the 
Thyroid Committee at the University of California Hospital agreed on 
the diagnosis of toxic nodular goiter. The thyroids from all the other 
patients were sectioned serially; macroscopic nodules were noted, and 
I'epresentative sections were cut and studied microscopically. As to the 
definition of a nodule, it is considered to be a localized area of thyroid 
tissue completel)'' surrounded by a connective tissue .capsule. Most of the 
thyroids from these patients contained one or more nodules that weie 
recognized grossly with ease. Most of the thyroids also showed hyper 
plasia within the nodules, in the rest of the gland or in both areas. One 
thyroid consisted of a large, hyperplastic nodule which comprise oier 
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90 per cent of the total amount of thyroid tissue present; no signs of 
hyperplasia were noted in the remaining tissue. 

The mean measurements of the eyes in this group were 16.6 mm. for 
the left eye and 16.5 mm. for the right one. Thus, the eyes of patients 
with toxic nodular goiter are more prominent than those of normal per- 
sons. But this difference is of only borderline significance, since it 
could occur by chance thirty times out of a hundred. 

Twenty-seven of these patients, 25 women and 2 men, were followed 
up as much as fifty-four months. The mean age was 44.7 years ; the 
2 men were 37 and 54 years of age, respectively. Table 1 gives the 
statistical analysis. Eight patients' eyes became 1.5 mm. more promi- 
nent in an average of eleven and a half months after subtotal thyroidec- 
tom}^; 11 patients’ eyes became 0.5 to 1.0 mm. more prominent in an 
average of four and a half months ; the eyes of 6 showed no change, and 
the eyes of only 2 showed a decrease of 1.5 mm. or more in an average 
of thirty-eight months after treatment. 

On the whole, the patients in this group apparently had less 
exophthalmos than those with toxic diffuse goiter. Many explanations 
have been offered for this difference. Marine expressed the opinion 
that the gonads must be active in order to produce experimental exoph-' 
thalmos in rabbits. If gonadal activity becomes important in the human 
being, the older age of the patients might explain the lesser tendency to 
have exophthalmos. As stated, the average age of patients in this group 
was 44.7 years (range, 17 to 70), and, all but 2 being women, many of 
them were past the menopause. However, this explanation is not impres- 
sive when one sees from a review of the data that of the 8 patients (all 
women) whose eyes became significantly more prominent after operation, 
the youngest was 24 and the others were 42, 46, 49, 50, 55, 60 and 70 
years of age, respectively. In general, if persons with hyperthyroidism 
have nodular goiter, the disease is of considerable duration and probably 
not severe, as evidenced by the failure of these patients to seek medical 
care early. The longer and milder course may allow for compensatory 
adjustments which prevent extensive orbital changes that might result 
in severe degrees of exophthalmos. It is apparent that these data permit 
no final answer. Indeed, one can only speculate on it on the basis of the 
results noted. 

PATIENTS WITH NONTOXIC NODULAR GOITER 

This group comprised 55 patients, all of whom had had subtotal 
or partial thyroidectomy and showed no signs or laboratory evidence of 
hyperthyroidism. The thyroids were studied pathologically as described 

21. Marine, D. : Patholog^^ and Physiology of Exophthalmos, Ann Int Med 
12:443-453 (Oct.) 1938. 
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in the section on toxic nodular goiter, and all were found to contain 
encapsulated nodules by macroscopic and microscopic examination. 
Forty-nine of these patients were women whose average age was 42.32 
years (range, 10 to 68), and 6 were men whose average age was 41.66 
years (range, 26 to 64). The average age for the group was 42.25 years. 
Table 1 shows the number of patients, the mean measurements of the 
eyes, the standard deviation of this mean and the range. The conclusion 
was that the eyes of patients with nontoxic nodular goiter are no more 
prominent than those of normal persons- 

Twenty-three of these patients were followed up for as long as 
thirty-five months after operation. In 3 the increase in the prominence 
of the eyes was 1.5 mm. or more in an average of nine and six-tenths 
months after operation (range, two and three-tenths to nineteen 
months) ; in 10 the increase was 0.5 to 1.0 mm. ; in 2 no change occurred; 


Table 3. — Measurements of Eyes Before and After Unilateral Paralysis of the 

Cervical Sympathetic Ganglions 



Position of 
Eye Pieces in 

Right Eye, 

left Eye, 

Time 

Ophthalmometer 

Mm. 

Mm. 

Before injection of right stellate ganglion 

Bar at 107 

18.5 

17,0 

20 minutes after 

.... Bar at 107 

18.6 

16.5 

40 minutes after 

Bar at 107 

18.0 

16.5 

Before injection of right stellate ganglion 

Bor at 103 

17,5 

16.5 

25 minutes after 

Bar at 103 

17.5 

16.5 


in 7 a decrease of 0.5 to 1.0 mm. was noted, and in 1 a decrease of 
1.5 mm. occurred. 

There is no apparent explanation for the increase in the protrusion 
of the eyes (significant or otherwise) in these patients. It was not due 
to gain in weight, for many of these patients showed no significant 
increase in weight. Indeed, many of them also were put on reducing 
diets (adequate in protein, minerals and vitamins), and lost weight as 
part of the general program of treatment. 

PATIENTS WITH UNILATERAL PARALYSIS OF THE CERVICAL 

sympathetic ganglions 

In order to measure any possible change in the prominence of the 
eyes following paralysis of the cervical sympathetic ganglions measure- 
ments were made before and after unilateral injection of procaine 
hydrochloride into the cervical sympathetic ganglions of 2 patients , 1 was 
a 39 year old man with rheumatic heart disease, a nontoxic goiter and 
pulmonary'' embolism, and the other was a 56 y'ear old woman who ha 
hy'pertensive heart disease and pulmonary embolism, d able 3 gives t le 
results of this study. 
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At the time when the eyes of both patients were measured after injec- 
tion into the stellate ganglion, a clearcut Horner’s syndrome was evi- 
denced clinically by miosis, ptosis of the lid, conjunctival injection and 
increased warmth of the arm on the side of the body on which the injec- 
tion was done (the right in each case). According to the unbiased 
opinion of 2 observers, the e 5 ’’e on the affected side appeared enoph- 
thalmic in each case; but this was not borne out by the measurements. 
I previously had measured the eyes of several patients who had Horner’s 
syndrome from tumors that caused paralysis of the cervical sympathetic 
ganglions and had been struck by the fact that the enophthalmos was 
apparent rather than real. In these patients the eyes had not been mea- 
sured before Horner’s syndrome had manifested itself. The results of 
the measurements both before and after paralysis of tbe cervical sympa- 
thetic nerves agree with the data reported by Pochin ° and Wagener.’-® 

COMMENT 

Stare and exophthalmos are two different manifestations that may 
occur as part of the syndrome associated with hyperthyroidism. The 
most likely cause of exophthalmos is a change and increase in the size 
of the extraocular muscles and the tissues of the orbit which, situated 
in an area enclosed on all but one side, cause proptosis of the eyeball. 
Progressive exophthalmos is the most exti*eme result of these pathologic 
changes which are found to some degree in the majority of patients suf- 
fering from hyperthyroidism. It would seem from these studies that in 
most thyrotoxic patients treatment of the hyperthyroidism itself does 
not cause sufficient regression of the pathologic processes in the orbital 
tissues to result in a regression of the exophthalmos. In fact, the 
majority of these patients have what might be termed a mildly progres- 
sive exophthalmos which can be determined better by actual measurement 
of the prominence of the eyes than by clinical observations. Never- 
theless, many clinicians even without recourse to measurements have 
felt that the exophthalmos did not improve. In some patients the eyes 
may become more prominent after treatment and then regress to a cer- 
tain degree. A decrease only in the measurable exophthalmos following 
subtotal thyroidectomy occurs in less than 10 per cent of the thyrotoxic 
patients. Recently Grace and Weeks-' reported no change in exoph- 
thalmos following subtotal thyroidectomy in 80 patients with toxic goiter. 

The eyes of some normal persons are as prominent as those of 
patients with hyperthyroidism but usually do not show abnormalities of 
the orbital tissues, stare or lid lag. Unlike the eyes of thyrotoxic 

22. Grace, R. V., and Weeks, C. : Surgery of the Thyroid in a Large Municioal 
Hospital, Ann. Surg. 113:496-507 (April) 1941. 
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patients with exophthalmos, which give the impression of being pushed 
forward, the eyes of normal persons may be described as not uncom- 
fortably prominent. Hov'ever, the borderline between normal and 
abnormal may be as difficult to determine by measurement as by less 
precise clinical observations. This is illustrated in figure 4. It is 
apparent that the exophthalmometer is only an aid in the study of 
exophthalmos. If measurements of eyes of patients with exophthalmic 
goiter can dispel false clinical impressions, they may pave the way to 
further investigative work that will allow a more satisfactory solution to 
this problem. 

SUMMARY 

No reports have appeared in the literature concerning the changes 
that occur in the eyes of patients with various types of thyroid disease 
which have been measured before and after treatment with the aid of 
an exophthalmometer. According to the studies reported here, the eyes 



Fig. 4 . — Distribution curves for eye measurements in normal persons and in 
patients with toxic diffuse goiter (T. D. G.). The more coarsely shaded area 
indicates the percentage of patients with toxic diffuse goiter whose e 3 'es were 
more prominent than those of all but 5 per cent of the normal persons. The 
figures on the abscissa give the measurements in millimeters from the deepest 
point of the lateral wall of the orbit to the point of greatest convexity of the cornea. 

of patients with nontoxic nodular goiter are no more prominent than 
those of normal persons. Patients with toxic nodular goiter tend to have 
more prominent eyes than normal persons but not as prominent as 
patients with toxic diflfuse goiter. The eyes of patients with toxic dififuse 
goiter are significant!)'’ more prominent than those of normal persons 
or of patients with nontoxic nodular goiter. 

The eyes of over 50 per cent of the patients with toxic diflfuse goiter 
become measurably more prominent after subtotal thyroidectomy , they 
become less prominent in only a small percentage of persons. These 
observations are contrary to the opinion of most surgeons who haie 
relied on clinical impressions as to the state of exophthalmos before and 
after treatment. It is apparent that loss of the stare associated vilh 
hyperthyroidism does not necessarily mean a decrease in exophthalmos. 
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Fig. 5. — Photomicrograph of a section of thyroid from a patient with nodular 
goiter and hyperthyroidism of long duration. 



Fig. 6.— Photomicrograph of a section of thyroid from a patient with nontoxic 
nodular goiter of many years’ duration. 
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The e)^es of thyrotoxic patients treated by roentgen rays show less 
tendency to increase in prominence. It is suggested, therefore, that 
for patients with hyperthyroidism in whom exophthalmos is severe, 
roentgen therapy is more desirable than surgical subtotal thyroidectomy. 
Furthermore, as also intimated by Dr. James H. Means, it is advised 
that the treatment in this particular group be directed toward preventing 
the occurrence of malignant exophthalmos. 

Note. — Since this paper was submitted for publication Aird and 
Hertz, Means and Williams have made pertinent reports. 

University of California Hospital. 

23. Aird, R. B. : Experimental Exophthalmos and Associated Myopathy Induced 
by the Thyrotropic Hormone, Ann. Int. Med. 15:564-581 (Sept.) 1941, 

24. Hertz, S. ; Means, J. H., and Williams, R. H. : Graves’ Disease with Disso- 
ciation of Thyrotoxicosis and Ophthalmopath}', West. J. Surg. 49:493-498 (Sept.) 
1941. 
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There is no definite dextrose-insulin ratio applicable to all persons 
with diabetes. The amount of insulin needed to control the defective 
carbohydrate metabolism of any one patient must be determined empiric- 
all}'' and may vary from time to time. Although diabetic persons with 
large insulin requirements are encountered infrequently, a number of 
cases of such requirement have been reported since the introduction of 
the hormone in 1922, These cases may be divided into two groups. In 
one the large insulin requirement is associated with some recognizable 
complication, such as diabetic ketosis, an infection, an endocrine disorder, 
hepatic disease or some other intercurrent illness. In the second there 
is no definite cause to account for the large amount of insulin that must 
be administered. This group, though small, includes some of the most 
extreme examples of huge insulin need.^ Clinical and postmortem 
studies in such cases have revealed little to explain the pathogenesis of 
the insulin-resistant state. This report deals with a case of diabetes 
mellitus with a large insulin requirement, the cause of which could not 
be determined. A review of the literature revealed only 1 other case^'* 
in which the maximum twenty-four hour' dose (3,250 units) exceeded 
the greatest amount (2,795 units) administered to this patient. Of 
unusual interest was the complete disappearance of the excessive need 
for insulin six months after its sudden onset. 

From the Second Medical Service and the Diabetic Clinic, Mount Sinai 
Hospital. 

1. (a) Glassberg, B. Y.; Somogyi, M., and Taussig, A. E. ; Diabetes Mel- 
litus; Report of a Case Refractory to Insulin, Arch. Int. Med. 40:676-685 (Nov.) 
1927. Q}) Wiener, H. J. : Diabetic Coma Requiring an Unprecedented Amount 

of Insulin, Am. J. M. Sc. 196:211-217 (Aug.) 1938. (c) Glen, A., and Eaton, J. C.: 
Insulin Antagonism, Quart. J. Med. 7:272-291 (April) 1938. {d) Marble, A.: 

Insulin Resistance, Arch. Int. Med. 62:432-446 (Sept.) 1938. (e) Regan, J. F • 
Westra, J. J., and Wilder, R. M. ; Insulin Resistance: Report of a Case, New 
England J. Med. 223:745-750 (Nov. 7) 1940. (/) Martin, W. P.; Martin, H. E.; 
Lyster, R. W., and Strouse, S.; Insulin Resistance; Critical Survey of the Litera- 
ture with the Report of a Case, J. Clin. Endocrinol. 1:387-397 (May) 1941. 
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REPORT OF CASE 

A 60 year old Polish-born married Jewess was admitted to Mount Sinai 
Hospital on Jan. 22, 1940 for control of diabetic ketotic acidosis. She had 6 
children living and well. She stated there was no family history of diabetes. 
Her past history was not remarkable except for an appendectomy in 1926. 

In 1930, ten years before admission, glycosuria had first been discovered. 
Dietary restrictions alone had served to control the glycosuria for the next seven 
years. In 1937 she had had an attack of pneumonia, which precipitated a diabetic 
ketotic coma. Since that time she had required 10 units of protamine zinc insulin 
once daily. About one month before admission, polyuria, polydipsia and persistent 
glycosuria had developed. Her insulin dosage was gradually increased to 40 units 
daily. She lost weight and complained of headaches and generalized aches and 
pains. At times she seemed slightly irrational. After several days of nausea 
and increasing drowsiness, she presented herself for admission to the hospital. 

On physical examination at the time of admission the patient was thin, flushed 
and drowsy. She was fully conscious, however, and responded well to questions. 
The tension of the eyeballs seemed normal. Ophthalmoscopic examination revealed 
hard white exudates typical of a diabetic retinopathy in each macular region. 
The heart was slightly enlarged to the left. There was a soft systolic murmur 
over the entire precordium, best heard over the base. The blood pressure was 
200 systolic and 100 diastolic, measured in millimeters of mercury. No abnor- 
malities of the lungs were noted. The abdomen was scaphoid, and the liver was 
not palpable. Both calves were tender on pressure. There were varicosities on 
each leg, with an area of eczema on the lateral aspect of the lower, part of the 
left leg. There was no edema. A neurologic examination revealed depressed 
knee and ankle jerk reflexes in both legs and mild weakness of the extensors of 
the feet and the adductors of the thighs. 

On admission the urine gave a positive reaction (4 plus) for reducing sugars 
with Benedict’s reagent. The sodium nitroprusside test for acetone yielded a 
positive reaction (3 plus). The heat and acetic acid 'test for albumin gave a 3 
plus reaction. Microscopic examination disclosed many clumps of white cells and 
occasional red cells and granular casts. The hemoglobin concentration was 75 per 
cent (Sahli 14.5 Gm. standard). The white cell count was 6,600 per cubic milli- 
meter. A differential count of the stained smear showed 36 per cent polymor- 
phonuclears, 57 per cent lymphocytes, 5 per cent monocytes and 2 per cent 
eosinophils. The sedimentation time for 18 mm. (Linzenmeier) was thirty minutes. 
The Wassermann complement fixation reaction was negative. The blood per 
hundred cubic centimeters contained 455 mg. of sugar, 10 mg. of urea nitrogen 
and 415 mg. of total cholesterol. The carbon dioxide content was 37.5 volumes per 
cent. 

The clinical impression was moderate diabetic ketotic acidosis, diabetic retinop- 
athy, peripheral neuropathy, essential hypertension and generalized arteriosclerosis. 

Course and Treatment. — The patient was given fluids by mouth and 120 units 
of unmodified insulin in divided doses in twenty-four hours. At the end of this 
period the urine was free of sugar but still contained a trace of acetone occasion- 
ally. Although she complained of abdominal cramps and had frequent stools, her 
general condition was considered good. She took fluids well and was serve a 
full diabetic diet of 150 Gm. of carbohydrate, 80 Gm. of protein and 60 Gm. of 
fat. During the next forty-eight hours (January 24 and 25) she had no acetonuria 
and slight glycosuria on 40 units of regular insulin daily. 

On the fourth day of hospitalization (January 26) mild ketonuria and mo ^ 
glycosuria occurred despite 55 units of insulin. On the fifth day (January 
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the content of sugar in blood drawn while the patient was fasting was 455 mg. 
per hundred cubic centimeters. She was again given 55 units of insulin, with 
the persistence of glycosuria (3 to 4 plus) and slight acetonuria in the late evening 
hours. On the sixth day (January 28) she was given 30 units of protamine zinc 
insulin before breakfast. Toward evening a large amount of acetone was found 
in the urine, and 60 additional units of regular insulin was given as well as an 
infusion of 1,750 cc. of 5 per cent dextrose in physiologic solution of sodium 
chloride. 

Table 1. — Insulin Dosage, Fluid Balance and Degrees of Glycosuria and Acetonuria 
on the Ninth and Tenth Days of Hosffitalization of a Diabetic 
Patient Tvith a Large Insulin Requirement 


Time 

Intra- 
venous 
Insulin Fluid 

Dose, Intake, 
Units* Cc. 

Urine 

Output, 

Cc. 

Glycosuria 

Aceto- 

nuriu 

Comment 

January 31 

G:00 a.m. 

50 

200 

300 

4-1- 

4-1- 

Irrational 

(protamine zinc 
insulin) 

7:00 30 

300 


4-f 

4-1- 


10:30 

20 

500 

300 

4-1- 

4-f 

Incontinent of urine 

2:C0 p.m. 


400 

3C0 

4-1- 

4-1- 


3:00 

30 

• . • 

400 

4-1- 

4-1- 


4:00 

50 

. , . 

350 

4-1- 

4-t- 

Infusion band -torn off by 

5:00 

100 

, , 

530 

4-1- 

4-1- 

patient 

G:00 

30 


500 

% Gm. 
2.9 15 

4-f 

Response to name 

7:00 

50 

400 

400 

3.1 12 

i+ 

Physiologic solution of so- 

7:30 

8;C0 

ICO 

ICO 

250 

SCO 

3.0 9 

4-1- 

dium chloride given intra- 
venously in place of 6% 
dextrose in saline solution 
or lactate-Ringer’s solution 

9:00 

2C0 

275 

320 

3.0 9.0 

4-1- 

Patient responding better 

10:30 

200 

275 

300 

3.0 9’ 

4-f 

11:30 

2C0 

... 

200 

2.9 0 

4-f 

Some fluid taken by mouth 

February 1 
12:30 a.m. 

, 200 

300 

200 

2.9 'g 

4-1- 


1:30 

200 (i.v.) 

3C0 

150 

2.5 3.8 

4-f 

No change 

2:30 

200 (i.v.) 

300 

120 

2.3 2.7 

4-f 

Still confused 

3:30 

200 

300 

100 

1.8 1.8 

4-f 


4:30 

200 

600 

100 

1:0 1.0 

3-f 

Talk more rational 

5:30 

200 

800 

100 

O.G O.G 

2-f 


G:30 


600 

220 

0 0 

Trace 

5% dextrose in physiologic 

7:30 

100 

200 

IGO 

0 0 

Trace 

solution of sodium chloride 
given intravenously 
Considerable fluid taken by 

(protamine zinc 
insulin) 

8:30 50 

... 

170 

0 0 

0 

mouth 

» Unless 

otherwise specified regular insulin was 

administered. 


On the seventh 

day 

(January 

29) the 

ketonuria 

continued unabated. The 


patient complained of weakness .and drowsiness and appeared dehydrated. She 
was given 30 units of protamine zinc insulin, 120 units of regular insulin and a 
continuous infusion of 3,950 cc. of 5 per cent dextrose in saline solution alternating 
with lactate-Ringer’s solution, but the ketonuria did not subside. On the eighth 
day (January 30) the insulin was increased to 50 units of protamine zinc insulin 
and 180 units of regular insulin, without noticeable benefit. The intravenous fluid 
intake remained at 3,000 cc. During the subsequent twenty-four hours she became 
stuporous. Analysis of the blood on the morning of the ninth day (January 31) 
showed a sugar content of 300 mg. per hundred cubic centimeters and a carbon 
dioxide content of 27 volumes per cent. During the first twelve hours of the ninth 
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day she was given a totAl of 310 units of insulin (table 1). A total of 1,400 cc. of 
5 per cent dextrose in saline solution and lactate-Ringer’s solution was given 
intravenously. The degree of ketonuria (4 plus) was unaffected, and the patient’s 
fluid balance remained negative. Because of the refractory ketosis insulin was 
increased rapidly to 200 units per hour, and 2,000 units was given in a ten hour 
period. Two 200 unit doses were given intravenously. At the same time the 
intravenous fluid was changed to physiologic solution of sodium chloride, and 
4,600 cc. was given in twelve hours. Throughout the entire period the patient 
could be aroused, and at times she took small amounts of fruit juice by mouth. 
Her blood pressure varied between 128 and 160 systolic and remained at 70 dias- 
tolic, measured in millimeters of mercury. She gradually became less stuporous, 
and her urine showed less sugar and acetone (2 plus). Finally, sugar and acetone 
disappeared from the urine, and there was a striking fall in the urine output, 
indicating an increased ability to retain fluid. During the last twenty-four hours 
of this ketotic episode the patient received 2,360 units of insulin and 6,000 cc. of 
fluid by vein. On the eleventh day (February 2) her urine was free of sugar 



The weekly total doses of insulin administered during hospitalization. A, the 
period of roentgen irradiation over the pituitary (March 26 to April 17). F, 
the period of lipocaic therapy (April 21 to May 24). 

and acetone until the late afternoon after a dose of 100 units of protamine zinc 
insulin. With the reappearance of dextrose and a faint trace of acetone in the 
urine 450 units of unmodified insulin was given in divided doses until the urine 
cleared. On the twelfth day (February 3) the sugar content of blood drawn while 
the patient was fasting was 70 mg. per hundred cubic centimeters, the blood con- 
tent of carbon dioxide was 47.1 volumes per cent and a single dose of 100 units 
of protamine zinc insulin before breakfast kept the urine free of dextrose and 
acetone. 

The subsequent course was characterized by the continuation of the need for 
large doses of insulin (figure). The daily dose fluctuated, and a plateau of 1,000 
units of protamine zinc insulin and regular insulin a day was reached during the 
fourth week of hospitalization. As much as 2,500 units of insulin during a sing e 
day (February 22) was necessary to eliminate ketonuria during the, fifth wee 
On a number of occasions mild symptoms of hypoglycemia developed, but the 
patient responded promptly to oral or parenteral administration of dextrose. 
hundred units of insulin added to or subtracted from the total daily dose a 
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little demonstrable effect on the course of the diabetes. On one occasion a 300 
unit dose of protamine zinc insulin was doubled by mistake. Despite the 600 
unit initial dose, no reduction of subsequent doses of insulin was necessary. 

The patient maintained an average weekly requirement of 4,200 units of insulin 
during the first fifteen weeks in the hospital. The average daily dose of insulin 
was 700 units during the first month, 593 units in the second, 615 units in the 
third, 446 units in the fourth and 324 units in the fifth and last month. The total 
amount of insulin administered was 85,680 units. 

Two weeks after admission hepatomegaly was noted, and it persisted until 
discharge five months later. A smooth, nontender edge of the liver could be felt 
2 fingerbreadths below the costal margin. The results of hepatic function tests, 
described in the next section of the case report, showed no deviation from normal. 

On April 16, about three months after admission, the patient’s temperature 
rose to 101 F. and watery diarrhea developed. Several other patients in the 
same ward were afflicted simultaneously. After repeated culture of fecal material. 
Bacillus dysenteriae Flexner was isolated from this patient and some of the 
others. Agglutination tests for typhoid, paratyphoid and dysentery organisms gave 
negative results. The diarrhea subsided on symptomatic therapy within five days, 
and cultures of feces negative for the Flexner bacillus were obtained in twenty- 
two days. This intercurrent infection precipitated another attack of acidosis. The 
carbon dioxide content of the blood fell to 23 volumes per cent, and the blood 
sugar rose to 355 mg. per hundred cubic centimeters. On April 20 the insulin 
required to control acetonuria for a twenty-four hour period reached a total of 
2,795 units. With the subsidence of the ketosis, the dose was decreased to about 
600 units a day. The blood sugar fell to 75 mg. per hundred cubic centimeters, 
and the carbon dioxide content of the blood rose to 49.2 volumes per cent. 

Five and one-half months after admission the patient’s daily insulin require- 
ment was still 350 units. Because of the sudden and unpredictable fluctuations in 
her diabetic status, it was felt that it could not be satisfactorily controlled at 
home. She was transferred to the Montefiore Hospital for Chronic Diseases on 
July 7. 

Laboratory Data . — During the five month period of observation, considerable 
clinical and laboratory data were obtained in an attempt to establish the cause of 
the excessive need for insulin. The following data are presented to illustrate the 
baffling nature of the problem of insulin insensitivity. 

A complete blood count by the hematologist showed a hemoglobin concentra- 
tion of 65 per cent, 3,900,000 red cells per cubic millimeter and 10,000 white cells 
per cubic millimeter, with a differential count of 63 per cent polymorphonuclears, 
31 per cent lymphocytes, 4 per cent monocytes, 3 per cent eosinophils and 5 per 
cent reticulocytes. There were 270,000 platelets. The cell volume was 28 per 
cent. There was no evidence of any blood dyscrasia. Repeated blood counts 
revealed nothing noteworthy. 

Culture of the urine on one occasion revealed Staphylococcus aureus (group B) 
and on another occasion Streptococcus viridans. The mild infection of the lower 
portion of the urinary tract was thought to have followed the numerous catheteriza- 
tions during the critical period of the patient’s illness. The specific gravity 
of the urine during a concentration test (Fishberg) rose to 1.020. A phenol- 
sulfonphthalein test showed 35 per cent excretion of the dye within three hours 
An intravenous pyelogram revealed nothing abnormal in the upper portion of the 
urinary tract. There was a moderate degree of hypertrophic arthritis of the lumbar 
portion of the spine. 
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Chemical analysis of the blood revealed the following contents per hundred 
cubic centimeters : serum chlorides from 540 to 690 mg., calcium 8.5 mg., phos- 
phorus 2.9 mg., phosphatase 5 King-Armstrong units, total protein 5.9 Gm., albu- 
min 3.9 Gm. and globulin 2.0 Gm. Repeated determinations did not reveal 
elevation of the blood urea nitrogen. The icterus index of the blood was 3; the 
Takata-Ara reaction was 4 plus. The blood cholesterol- varied from 300 to 530 
mg. per hundred cubic centimeters, with corresponding cholesterol esters between 
160 to 340 mg., a normal relation. Oral dextrose tolerance tests showed high 
diabetic curves. 

A roentgenogram of the skull showed a normal sella turcica, no evidence of 
increased intracranial pressure, a calcified pineal body in normal position and 
calcification of the parasellar groove of the right internal carotid artery without 
decrease in the size of the lumen of the vessel. There was no abnormality in the 
bones. A neurologic consultant did not find evidence of disease of the central 
nervous system. There was a mild peripheral neuropathy. The spinal fluid, 
obtained by lumbar puncture, was clear, under normal pressure and contained 4 
lymphocytes per cubic millimeter. The Pandy, Wassermann and globulin tests 
yielded negative reactions. The colloidal gold curve was normal. The spinal 
fluid contained 48 mg. of protein and 68 mg. of sugar per hundred cubic centi- 
meters. An electroencephalogram showed no abnormality. 

Gastric analysis after a Rehfuss test meal showed 60 units of free acid. 
Examination of the stomach and duodenum after a barium sulfate meal revealed 
nothing abnormal. A barium sulfate enema showed nothing unusual. 

Bromsulphalein tests showed no retention of the dye in the blood stream one 
hour after injection. The sodium benzoate test of hepatic function likewise gave 
a normal result. There was no bile in the urine at any time. According to the 
result of Ehrlich’s test a trace of urobilin was present in the urine. As noted 
previously, the cholesterol partition was normal, and there was no evidence of 
bilirubinemia at any time. 

Repeated roentgenograms of the chest failed to reveal any abnormality in the 
lungs. The electrocardiogram showed left axis deviation and a deep Q wave in 
lead IV ; the QRS complex was slurred and of high voltage and measured twelve 
hundredths of a second. The T wave in lead I was diphasic. These changes were 
interpreted to indicate enlargement of the left ventricle and myocardial damage. 
Subsequent records showed no significant changes. Venous pressure was 3.5 cm. of 
blood with no rise on pressure in the right upper quadrant of the abdomen. The sac- 
charin circulation time was seventeen seconds. The basal metabolic rate was 
-f- 25 per cent on one occasion, -f- 23 per cent after a second trial and then ± 0 


per cent. 

Experimental Data . — An attempt was made to determine whether there was 
any substance, antagonistic to insulin, in the patient's blood serum that would 
affect the insulin depression curves in rabbits. This was carried out by the fo 


lowing two methods : 

1. Four and a half cubic centimeters of the patient’s serum was mixed with 
20 units of insulin, incubated three days at 37 C. and injected intravenously into 
a fasting 2 Kg. rabbit. The sugar content of the rabbit s blood was determine 
while the animal was fasting and one-half, one and two hours after injection. 
Similar parallel control determinations were made using serum from a su jec^ 
without diabetes (table 2). This method was similar to the one used by Wiener. 

2, Ten cubic centimeters of the patient’s serum was mixed with 0.5 unit of 
insulin and immediately injected into a fasting 2 Kg. rabbit. The sugar conten 
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of the rabbit’s blood was determined while the animal was fasting and twenty, 
forty and sixty minutes after injection. Parallel control determinations were made 
with insulin alone, the patient’s serum alone and a mixture of insulin and serum 
from a subject without diabetes (table 3). 

In the first test the insulin depression curve was affected similarly by the 
patient’s serum and by the control serum. In the second test both serums appar- 
ently prevented the hypoglycemia observed when insulin alone was injected. 

Both these methods failed to indicate the presence of anti-insulin substances 
in the patient’s serum that were not present in the control serum. 

Passive transfer antibody tests (Prausnitz-Kustner) were performed to deter- 
mine the presence or absence of transferable anti-insulin antibodies or reagins in 

Table 2, — Effect of an Incubated Mixture of Scrum and Insulin on the Insulin 

Depression Curve in Rabbits 


Time Relation ot Blood Sample to Injection 

Before injection, rabbit fasting 

30 minutes after 

60 minutes after 

120 minutes after 


Blood Sugar, Mg./lOO Cc. 

JL 

4.5 Cc. of 4.5 Cc. of Scrum from 

Patient’s Scrum Pius a Nondiabetie Subject 
20 Units of Insulin Plus 20 Units of Insulin 


S5 

100 

75 

GJ 

75 

70 

85 

85 


Table 3. — Effect on a Mixture (Without Incubation) of Scrum and Insulin on 
the Insulin Depression Curve in Rabbits 


Biood Sugar, Mg./lOO Cc. 
\ 


Time Relation of 

Blood Sample to Injection 

10 Cc. of 
Patient’s 
Serum Plus 
0.5 Unit of 
Insulin 

10 Cc. of 
Serum from a 
Nondiabetic 
Subject Plus 
0.5 Unit of 
Insulin 

0.5 Unit of 
Insulin 
Without 
Serum 

10 Cc. of 
Patient’s 
Serum 
Without 
Insulin 

Before injection, rabbit fasting 

125 

100 

90 

105 

20 minutes after. . .' 

95 

90 

G5 

lOO 

40 minutes after 

90 

95 

45 

90 

60 minutes after 

90 

100 

40 

90 


the patient’s serum. These were done by injecting the patient’s serum intrader- 
mally into a normal subject and twelve hours later injecting insulin intradermally 
at the same site. Equivocal reactions to regular insulin (Squibb) and crystalline 
insulin (Stearns) were observed; preparations of protamine zinc insulin (Lilly) 
and unmodified insulin (Lilly) gave no reactions. Intradermal tests with these 
types of insulin were unrevealing. No transferable anti-insulin antibody was 
demonstrated. Results of precipitin tests with the patient’s serum against regular 
insulin were negative. 

Therapeutic Attempts. — ^After the insulin dosage had become fairly well stab- 
ilized, several attempts were made to reduce the large requirement. The usual 
diet contained 150 Gm. of carbohydrate, 90 Gm. of protein and 80 Gm. of fat. 
Trial periods both on high carbohydrate (with carbohydrates to 300 Gm.), low 
fat or low carbohydrate, high fat diets did not appreciably affect the insulin require- 
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ment Trial periods with special beef or pork insulin were not attempted in this 
case. Such attempts in the case reported by Marble kJ had no effect on the 
diabetes. 

Because of the well known antagonism between the pancreas and the anterior 
lobe of the pituitary and in view of several good results of roentgen therapy 
reported in the literature in cases of similar disorder, it was decided to give the 
patient a course of such therapy over the region of the pituitary and the hypo- 
thalamus. During the third month of her stay in the hospital, the patient was 
given a course of roentgen therapy over the pituitary region, with a total dose 
of 1,900 r. This comprised nineteen daily doses of 100 r each alternately over 
the right and the left temporoparietal region, centering on the pituitary, through 
a 10 cm. by 10 cm. port. Each dose was delivered at 200 kilovolts and 20 milliam- 
peres, with filters of 1 mm. of copper and 3 mm. of aluminum at a focal skin 
distance of 60 cm. The daily insulin requirement immediately before the roentgen 
therapy was 550 units, immediately after it 575 units, two weeks later 600 units, 
one month later 580 units and two months later 350 units. 

During the fourth month lipocaic, a pancreatic extract, which has been claimed 
to diminish fatty infiltration of the liver and improve hepatic function,^ was given 
in doses of 2 Gm. three times daily for thirty-four days. The average daily dose 
of insulin preceding the giving of lipocaic was about 550 units while after one 
month of treatment it had fallen to about 350 units. 

Subsequent Course . — A summary of the clinical course of the patient’s illness 
during the six months following transfer from Mount Sinai Hospital was made 
available by Montefiore Hospital, where she was treated for that period. 

On admission to Montefiore Hospital the patient’s history and the results of 
her physical examination were essentially as previously described. She was given 
240 units of protamine zinc insulin once daily. After one week the dose was 
reduced to 80 units a day. Then the protamine zinc insulin was discontinued, and 
the patient was given unmodified insulin in doses of 40 to 50 units three times a 
day. At first her requirement was labile. She had frequent hypoglycemic reac- 
tions and on other occasions glycosuria (4 plus) and acetonuria (2 plus) were 
present. The content of blood sugar varied up to 355 mg. per hundred cubic cen- 
timeters, depending on the extent of control of the diabetes. The urine showed 
albumin (3 plus) and microscopic examination revealed 5 to 10 white cells, 1 to 
2 red cells and many granular casts per high power field. The basal metabolic 
rate was -|- 10 per cent on two occasions. Roentgen examination of the heart 
showed rounding of the left ventricle and dilatation of the aorta. The lungs 
were clear. There was spondylitis of the lumbar portion of the spine. A senes 
of roentgenograms of the gastrointestinal tract revealed nothing abnormal in the 
stomach or small intestine. Hypermotility and streaking of the transverse colon 
were noted. 

In October 1940 the patient had an attack of jaundice associated Ivith pains 
in tire right upper quadrant of the abdomen, nausea and anorexia. The stools 
were clay colored. The icterus index at this time was 30 ; the van den Bergh 
reaction was immediately positive. The cholesterol content of the blood was 334 mg. 
per hundred cubic centimeters. A diagnosis of toxic hepatitis was made. This episode 
subsided within three weeks. A series of roentgenograms of the gallbladder made 

2. The Present Status of Lipocaic, preliminary report of the Council on 
Pharmacy and Chemistry, J. A. M. A. 115:1454-1455 (Oct. 26) 1940. Dragstedt, 
L. R. ; The Present Status of Lipocaic, ibid. 114:29 (Jan. 6) 1940. 
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on November 11 was normal. In December the patients diabetes was well con- 
trolled with only 10 units of unmodified insulin a day. The urine contained 
neither sugar nor acetone. On her discharge from Montefiore Hospital on Jan. 4, 
1941, the diabetes was controlled by a salt-poor diet containing 130 Gm. of carbo- 
hydrate, 80 Gm. of protein and 100 Gm. of fat and a dose of 5 units of unmodified 
insulin once daily. 

The patient returned to Mount Sinai Hospital and has been followed by one 
of us (H. P.) in the outpatient diabetes clinic. Her appearance was essentially 
unchanged, and she still complained of weakness and generalized aches and pains. 
Physical examination revealed nothing new. The blood pressure was ISO systolic 
and 90 diastolic, measured in millimeters of mercury. The urine showed a trace 
of albumin, occasional casts and rare red and white blood cells. The hemoglobin 
concentration was 90 per cent, and the white cell count, 8,400, with a normal 
differential count. The patient’s diabetes has been satisfactorily controlled for 
the last six months by one daily injection of S units of protamine zinc insulin and 
a diabetic diet containing ISO Gm. of carbohydrate, 80 Gm. of protein and 100 
Gm. of fat. 

COMMENT 

The condition of an occasional patient with diabetes mellitus 
refractory to specific replacement therapy with insulin is a fascinating 
problem. In this case, although the clinical findings furnish no satis- 
factory explanation for the temporary large insulin requirement, at least 
three mechanisms, ketotic acidosis, infection and hepatic disease, may 
have been of etiologic significance and • will be discussed briefly. A 
detailed analysis of the many factors involved in the production of insulin 
tolerance may be found in papers by Glen and Eaton, Marble,^*^ 
Pollack ® and Martin and associates and will not be repeated in this 
report. 

During diabetic ketotic acidosis the insulin requirement is increased 
by some fundamental alteration in carbohydrate metabolism. Apparently 
a vicious cycle is set up, for as the ketotic state becomes more severe, 
larger amounts of insulin are needed. In this case moderate ketosis was 
present for at least three days prior to the onset of the insulin-resistant 
phase shortly after admission, on a second occasion five weeks after 
admission and during the episode of diarrhea two months later. With 
each episode of ketosis the degree of insulin tolerance increased more 
rapidly than did our willingness to augment the large amounts of the 
hormone that were being administered. Although incomplete control 
undoubtedly contributed to these periods of huge insulin need, acidosis 
cannot explain the sustained high requirement for the entire six month 
period. In cases of diabetes refractory to insulin reported b}*- Wiener, 
Glen and Eaton and Martin and co-workers acidosis produced sharp 
increases in the amounts of insulin required. It is important to emphasize 

3. Pollack, H. : Conditions Associated with Unusual Requirements of Insulin, 
Proc. Staff Meet., Mayo Clin. 8:453-456 (July 26) 1933. 
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that the appearance of ketonuria in a patient with an abnormally large 
insulin requirement may herald a degree of insulin insensitivity that may 
lead to death in diabetic coma unless the ominous significance of the 
acidosis is realized in time. 

Infection causes an increase in the severity of diabetes mellitus and 
is a common cause of death in patients with the disease. According to 
Marble/ the lowered carbohydrate tolerance during infections may be 
due to several causes : ( 1 ) the lessened production of endogenous 

insulin, (2) the increased production of hormonal antagonists to insulin, 
(3) the destruction of insulin and (4) interference with glycogen storage. 
Menkin ® has advanced the hypothesis that the increase in proteolysis 
incident to acute inflammation is responsible for the greater severity of 
diabetes during infection. 

The episode of bacillary dysenter}^ demonstrates the aggravating 
effect of an infection on the precarious state of carbohydrate metabolism 
in this case. With the onset of fever and diarrhea, the patient promptly 
became ketotic and the insulin requirement rose from 600 to 2,795 units. 
Two days later, when the ketosis had been successfully combated, the 
daily insulin dose returned to 600 units. The change in insulin require- 
ment was in excess of the clinical severity of the infection and indicated 
the unstable state of the insulin mechanism. The possibility that a sub- 
clinical bacillary d)'’sentery was the basis for the entire period of insulin 
resistance cannot be denied. However, even if this were actually the 
case, it could only have acted as a precipitating factor to set off a basic 
abnormality in insulin action, since the result was so extreme. 

Patients with diabetes who also have hepatic disease may require 
larger doses of insulin than the average person with diabetes alone. 
Thrombosis of the hepatic artery with infarction of the liver was the 
basis for insulin insensitivity in a case reported by Pollack and Long.® 
Acute hepatitis raised the daily dose of insulin from 30 to 500 units a 
day in a case described by Root.' Cirrhosis usually results in the 
increased severity of diabetes mellitus, although the exact opposite has 
been observed also. Hemochromatosis was present in 5 of 26 cases of 
“insulin resistance” collected b)'’ Martin and associates.^^ In 1 case of 

4. Marble, A., in Joslin, E. P. ; The Treatment of Diabetes Mellitus, ed. 6, 
Philadelphia, Lea & Febiger, 1937, p. 407. 

5. Menkin, V.: Diabetes and Inflammation, Science 93:456-458 (May 9) 1941. 

6. Pollack, H., and Long, E. R. : Thrombosis of the Hepatic Artery with 
Sudden Resistance to Insulin in a Diabetic Patient, Arch. Path. 13:530-532 
(March) 1932. 

7. Root, H. F.: Acute Hepatitis in a Diabetic with Severe Acidosis and 
Suppression of Urine, New England J. Med. 212:545-547 (March 28) 1935. 



GLASS ET AL.— INSULIN REQUIREMENTS IN DIABETES 231 


such a disorder, reported in detail by Root,® the patient took 1 ,680 units 
in the twenty-four hour period before death in a diabetic coma. Hepato- 
megaly is a common occurrence in the severe diabetes of childhood. 
Under such circumstances the hepatic enlargement is due to fatty 
infiltration. The treatment of such a condition with betaine hydro- 
chloride,® pancreatic extract^® and protamine zinc insulin leads to a 
decrease in the size of the liver and an improvement in carbohydrate 
tolerance. Mirsky and his collaborators have demonstrated that the 
susceptibility to acidosis and coma is increased by a reduction in hepatic 
glycogen reserves. Himsworth suggested that the liver produced a 
ferment, insulin-kinase, necessary to activate insulin and that in patients 
with hepatic disease the formation of the enzyme was reduced, with a 
concomitant decrease in insulin sensitivity. 

Several aspects of this case, particularl}'^ the hepatomegaly and the 
episode of jaundice, raise the question of hepatic disease as the cause 
of the insulin-refractory state. This factor is difficult to evaluate 
because in this instance one cannot distinguish between cause and effect. 
Jaundice occurred when the insulin requirement had almost returned 
to usual levels and may have been the result rather than an indication 
of the cause of the defective insulin activity. Hepatic function tests 
(bromsulphalein excretion, sodium benzoate excretion and cholesterol 
partition), performed when the insulin-refractory phase was at its height, 
did not confirm the existence of hepatic damage. The clinical improve- 
ment following a course of lipocaic,® which diminishes fatty infiltration 
in depancreatized dogs may he cited as evidence of a hepatic effect. 
Evaluation of possible influence of this substance, especially in this case, 
is extremely difficult for reasons which will be mentioned later. It is 
our impression that there was only slight evidence that hepatic dys- 
function was a pathogenic factor in this case of insulin insensitivity, 

8. Root, H. F. : Insulin Resistance and Bronze Diabetes, New England J. 
Med. 201:201-206 (Aug. 1) 1929. 

9. White, P. : Diabetes in Childhood, in Joslin, E. P. : Treatment of Diabetes 
Mellitus, ed. 6, Philadelphia, Lea & Febiger, 1937, p. 587. 

10. Grayzel, H. G., and Radwin, L. S. : Hepatomegaly in Juvenile Diabetes 
Mellitus Treated with Pancreatic Extract, Am. J. Dis. Child. 56:22-32 (Tulvl 
1938. 

11. Hanssen, P. : Enlargement of the Liver in Diabetes Mellitus JAMA 
106:914-916 (March 14) 1936. 

12. Mirsky, I. A.; Korenberg, M.; Nelson, N., and Nelson, W. E. : The 
Hepatic Glycogen 'Reserves in Diabetes Mellitus, Endocrinology 28:358-367 
(March) 1941. 

13. Himsworth, H. P.: The Activation of Insulin, Lancet 2:935-936 (Oct ^9) 
1932. 
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although the possibility of a partial and olDScure derangement of hepatic 
function is difficult to exclude on the basis of the available data. 

The failure to demonstrate anti-insulin activity in the serum of this 
patient by the methods described does not disprove the existence of this 
property. Only a few tests were performed, and the proper technic for 
the demonstration of an insulin-neutralizing substance in the serum may 
not have been used. However, Wiener and Martin and co-workers,^*^ 
using comparable methods, were also unable to detect a serum antagonist 
to insulin. On the other hand, Karelitz, Cohen and Leader showed 
that normal blood and blood from a person with diabetes both inactivate 
insulin and that the latter did so to a greater extent. De Wesselow and 
Griffiths obtained similar evidence in elderly persons with diabetes 
and suggested that the substance in the blood of these patients that 
affected the insulin depression of blood sugar curves in rabbits was of 
pituitary origin. Glen and Eaton induced an active insulin antagonism 
in rabbits by injections of serum from a patient with insulin insensitivity. 
The antagonism was more marked if the patient had been given insulin 
before serum was withdrawn for the test. 

The management of our patient involved two distinct problems, the 
control of the acute alarming episodes of ketotic acidosis and the 
amelioration of the persistent insulin-refractory state. Each problem 
was of considerable interest and will be discussed separately. 

The chief therapeutic agents during ketosis were insulin, physiologic 
solution of sodium chloride, lactate-Ringer’s solution and dextrose 
solution. In view of the patient’s age, the evidence of arteriosclerosis, 
the h 3 '^pertension and the electrocardiographic findings, the cautious use 
of intravenous therapy seemed justified to prevent an overloading of 
the circulation. Sufficient dextrose was given, to maintain glycosuria. 
The guide for the administration of insulin was the presence of acetone 
and dextrose in the hourly specimens of urine and the general condition 
of the patient. In the presence of persisting acetonuria, the dose of 
insulin was increased rapidly until an effective level was reached at 
200 units per hour for ten hours. We were prepared to raise the dose 
to higher levels on the assumption that control would be effected 
eventually if enough insulin were administered. When sufficient insulin 
was given, the acetonuria subsided and in the presence of overdosage of 
insulin, hypoglycemic reactions resulted. The results were similar to 
those ordinarily obtained in diabetic persons except that the amounts of 

14. Karelitz, S. ; Cohen, P., and Leader, S. B. : Insulin Inactivation by Human 
Blood Cells and Plasma in Vitro, Arch. Int. Med. 45:546-558 (April) 193 

15. de Wesselow, O. L. V., and Griffiths, W. J.: On the Possible Role o 
the Anterior Pituitary in Human Diabetes, Lancet 1:991-994 (May 2) 1936. 
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insulin required were enormous. Perhaps, the administration of the 
total amount of insulin required in a shorter time would have resulted 
in a more prompt response to therapy. This experience supports the 
concept of Taussig^® that in cases of insulin insensitivity the law of 
mass action of inorganic chemistry is valid with respect to the action 
of insulin. As stated by Martin and associates : "There is not neces- 
sarily any upper limit to the number of units of insulin that may be 
given.” The chief therapeutic aim is to give enough of the hormone. 

The following methods have been used to reduce the insulin require- 
ments of patients to whom it is necessary to administer excessively large 
amounts of the hormone; changes in diet; change in the type of 
insulin ; intravenous administration of phosphates ; therapy with 
various endocrine substances, particulaidy dihydroxyestrin (estradiol) ; 
a low potassium diet ; desensitization procedures,^® and roentgen 
therapy to the pituitary area.^^ 

In this case a trial of roentgen therapy over the pituitary was carried 
out. This method of treatment has been reported to have I'educed large 
insulin I'equirements in a few cases."® Failures of irradiation of the 
pituitary to influence the amount of insulin required for control of 
diabetes in human beings and in dogs have also been recorded.®’- 
Although there was no clinical evidence of disease of the pituitary in 
this case, it was felt that if it was possible to depress the activity of 
the anterior lobe, some benefit might result, since the anterior lobe of 

16. Taussig, A. E. : A Case of Diabetes Mellitus Refractory to Insulin, Tr. 
A. Am. Physicians 42:166-178, 1927. 

17. Footnote 1 c and e. 

18. Karr, W. G. ; Scull, C. W., and Petty, 0. H. : Insulin Resistance and 
Sensitivity, J. Lab. & Clin. Med. 18:1203-1211 (Sept.) 1933. 

19. (a) Pieri, J., and Sarradon, P. : Diabete grave insulino-resistant. Reduction 

notable de I’insulino-resistance par la radiotherapie hypophysaire. Bull, et mem. 
Soc. med. d. hop. de Paris 51:1579 (Dec. 2) 1935. (b) Alerle, E. : Diabete grave 
insulino-resistant. Reduction brusque et massive de I’insulino-resistance par irra- 
diation de la region hypophysaire, ibid. 51:35 (Jan 21) 1935. (c) Cannavo, L. : 

InsuHnoresistenza e irradiationi roentgen della regione ipofiasairo, Policlinico (sez. 
prat.) 43:1099 (June 15) 1936; abstracted, J. A. M. A. 107:541 (Aug. 15) 1936. 
(d) Barnes, B. O. ; Culpepper, W. L., and Hutton, J. H.; Experimental Diabetes 
Treated by X-Ray Applied to the Pituitary and Adrenal Regions, Am. J. Physiol. 
113:7 (Sept.) 1935. (e) Selle, W. A.; Westra, J. J., and Johnson, J. B. ; Attempts 
to Reduce the Symptoms of Experimental Diabetes by Irradiation of the Hypoph* 
ysis. Endocrinology 19:97-104 (Jan.-Feb.) 1935. (/) Pijoan, M., and Zollinger, 

R.: Observations on Carbohydrate Metabolism Following Irradiation of the 
Pituitary Gland, ibid. 21:357-360 (May) 1937. 

20. Footnote 19 a, b, c and d. 

21. Footnote 19 e and /. 
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the pituitary and the pancreas have been shown to be antagonists with 
respect to carbohydrate metabolism. There was noticeable improvement 
three months after the completion of this therapy. In view of the com- 
plete subsidence of the insulin-resistant state during the subsequent 
three months, the possibility that roentgen therapy may have been 
responsible for this improvement cannot be excluded. However, judg- 
ment must be reserved, since spontaneous remission has been known 
to occur and because lipocaic \vas administered for five weeks after 
roentgen therap}'^ -was completed. 

Lipocaic, a fat-free alcohol extract of pancreas, has been reported 
as a specific substance which on oral administration to depancreatized 
dogs decreases the fat in the hlood, the fatty infiltration of the liver and 
the insulin requirement.- In this case 2 Gm. of lipocaic taken daily 
for thirty-four days was associated wdth a decrease in the size of the 
liver and a reduction of the insulin requirement. Unfortunately, the 
efficac}^ of this therapy cannot be established noth any degree of certaint}^ 
in view of the previous roentgen therapy. 

The complete regression of insulin resistance of the intensity and 
the duration observed in this case is not common. Of 26 cases collected by 
Martin and associates, death occurred in 12 despite therapy, as happened 
in the case wdiich the authors themselves reported, making the mortality 
48 per cent in this group. Subsidence of a severe insulin insensitivity 
was observed by Wiener,^^ whose patient required 3,250 units of insulin 
in twenty-four hours while in diabetic coma and %vas given 142,000 units 
of insulin in twelve weeks. Three years later this patient was well and 
required only 50 units of insulin daily. No special treatment was 
administered to effect this change.-- In the case reported by Glassberg, 
Somogyi and Taussig the patient required 26,000 units of insulin, with 
peaks of 1,000 and 1,100 units in ttventy-four hours, during a three 
month period of observation. Two months later the daily insulin dose 
was 100 units. At the present time, fourteen years after the episode of 
refractoriness to insulin, this patient’s diabetes is well controlled by 50 
units of regular insulin taken daily in two doses.®® Cases of this t3^pe 
indicate that insulin insensitivity may be temporary and that the chief 
indication is to furnish sufficient insulin for long enough periods to allow 
the refractory phase to terminate. Death in coma seems avoidable if 
large enough doses are given as severe emergencies arise. 

22. Dr. Herbert J. Wiener, New York, informed us of the subsequent course 
of his patient and permitted us to include the information in this report. 

23. Dr. A. E. Taussig, St. Louis, provided the follow-up note on lus case and 
permitted us to make the statement of the present status of his patient. 
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SUMMARY 

A case of diabetes mellitus in which the insulin requirement was 
extremely high is presented. More than 85,000 units of insulin was 
administered in a five and one-half month period of observation. During 
episodes of ketotic acidosis it was necessary to give 2,360 units, 2,500 units 
and 2,795 units of insulin in twenty-four hours before adequate control 
was accomplished. No definite cause for the insulin-refractory state could 
be determined. Therapeutic procedures included roentgen irradiation 
over the pituitary and the administration of lipocaic. It was not possible 
to establish a definite relation between these forms of therapy and the 
improvement which followed their use. The excessive insulin need sub- 
sided six months after its onset, and the patient remained mildly diabetic 
for the subsequent six months. 
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Clinical manifestations of disease are in the final analysis the result 
of altered physiologic or biochemical relations. This is true whether 
one observes the direct evidence of abnormal function or the compensa- 
tory reactions invoiced to counteract abnormal forces. The central 
nervous system is no exception to this principle. And this is no less 
true whether one deals with disease directly involving the central nervous 
system or with the effects on it of disease having its origin elsewhere. 
This report is concerned with secondary effects. Neuropsychiatric 
complications of underlying disease may vary widely from mild aberra- 
tions of normal mood and behavior to sweeping disturbances that 
dominate the entire clinical picture and may obscure the disease itself. 

The basis for these reactions depends primarily on the fundamental 
nature of brain metabolism. The central nervous system has the most 
exacting metabolic requirements in the body. Unlike other tissues, it is 
primarily aerobic in its metabolism, and it is unable to establish a signifi- 
cant oxygen debt. Sensitivity to oxygen lack is greatest in the cerebral 
cortex, which suffers irreversible damage in five to eight minutes of com- 
plete ox3^gen deprivation, while the medulla and spinal cord fail in twenty 

From the Neurological Service of Dr. I. S. Wechsler and the Medical Service 
of Dr. E. Moschcowitz, Mount Sinai Hospital, New York. 

* Parts of this material were presented at a meeting of the New York 
Neurological Society, Dec. 3, 1940 (Margolin, S. G. ; Strauss, H., and Engel, G. L. . 
Electroencephalographic (Changes Associated with Hypersensitivity of the Caroti 
Sinus, Arch. Neurol. & Psychiat. 45:889 [May] 1941. Engel, G. L^ an 
Margolin, S. G. : Clinical Correlation of the Electroencephalogram with ^ o 
hydrate Metabolism, ibid. 45:890 [May] 1941) and at a meeting of the New York 
Academy of Medicine, Section of Neurology and Psychiatry, and t e ew 
York Neurological Society, Jan. 7, 1941 (Engel, G. L., and Margolin, • ^ •• 
Neuropsychiatric Disturbances in Addison’s Disease and the Role of 
Carbohydrate Metabolism in Production of Abnormal Cerebral Function, i i 
881 [May] 1941). 
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to thirty minutes.’- Other tissues can survive complete oxygen lack for 
hours. Carbohydrate provides the major substrate capable of sustaining 
normal activity. Fat and protein derivatives cannot be substituted for 
•dextrose.- The respiratory quotient of the mammalian brain is 1.0.=* 
Storage of carbohydrate as glycogen is extremely small and does not 
represent a significant reserve.’’ 

Closely correlated with its metabolism is the electrical activity of the 
brain. The electroencephalograph records brain potentials through the 
scalp and thereby reflects the behavior of the brain in its internal environ- 
ment. Changes in metabolic factors, such as oxygen tension or availa- 
bility of dextrose, are quickly reflected in the electroencephalogram.® 
Sensitivity to oxygen lack is exquisite, fourteen to fifteen seconds of 
complete anoxia being sufficient to abolish completely the electrical activ- 
ity of the cortex.®’’ Shifts in electrolyte balance, pn and particularly 
carbon dioxide tension significant!)^ influence the brain waves.'’ This 
prompt response to alterations in the internal environment of the brain 
provides a convenient nieairs by which the physiologic effects of disease 
in remote areas may be detected and correlated with clinical observation. 

In this report we are concerned chiefly with processes which interfere 
with proper transport and utilization of oxygen and dextrose, the two 
most important substances involved in cerebral metabolism. Only 
representative cases in each group are presented. Naturally, this covers 
only a small proportion of etiologic factors, but in principle a funda- 
mental pathophysiologic basis for a more general phenomenon is provided. 

1. McFarland, R. A. : The Effects of O 2 Deprivation (High Altitude) on the 
Human Organism, Technical Development Report III, United States Civil 
Aeronautics Authority, May 1938. 

2. Corcoran, A. C., and Page, I. H. : Carbohydrate Metabolism of Brain, 
Enzymologia 9:10, 1940. 

3. Himwich, H. E,, and Nahum, L. H.: The Respiratory Quotient of the 
Brain, Am. J. Physiol. 101:446, 1932. 

4. Deleted by authors. 

5. Kerr, S. E., and Ghantus, M. : Carbohydrate Metabolism of Brain, J. Biol 

Chem. 116:9, 1936. ' 

6. (a) Davis, P. A. ; Davis, H., and Thompson, O.; Progressive Changes 
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123:51, 1938. (b) Sugar, O., and Gerard, R. W. : Anoxia and Brain Potentials, 
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OXYGEN LACK 

Insufficient oxygenation for cerebral needs may result from cerebral 
anemia, in which the blood supply is diminished, and from cerebral 
anoxemia, in which the oxygen saturation of the blood is inadequate for 
cerebral needs. These two conditions cannot alwa37S be sharply divided. 
Both may be observed in the acute and the chronic state. 

Acute Cerebral Anemia . — Acute cerebral anemia is usually due to 
sudden alterations in the general or the local circulation. When change 
is general, the manifestations are likely to be brief and to occur in the 
erect posture. Etiologic factors are many, but onl}'^ those types which 
can be easily reproduced lend themselves readily to study. Hypersensi- 
tivity of the carotid sinus reflex is a convenient example which can be 
used in the study of a rather general phenomenon. 

Thirty instances of hypersensitive carotid sinus reflex were observed. 
In 22 cases the patients complained of episodes of weakness, dizziness, 
faintness, confusion or syncope. These symptoms could be reproduced 
by massage or compression of the carotid sinus. Of this group, 21 cases 
were found to represent the cardioinhibitor (vagal) type of reflex. This 
reaction could be abolished by atropine. In the twenty-second case the 
patient had a pure depressor type, syncope following a marked fall in 
blood pressure, without slowing of the pulse. This could not be prevented 
by atropine, ephedrine, alpha-N-dimethyl-p-hydroxyphenethylamine 
(paredrinol), p-hydroxy-a-meth)dphenethylamine (pa’redrine), amphet- 
amine or desoxycorticosterone acetate. Both of these types represented 
instances in which a sudden change in cardiovascular dynamics precipi- 
tated a critical decrease in cerebral blood flow. 

Simultaneous electroencephalographic and electrocardiographic trac- 
ings were obtained in 7 cases of the vagal type, and in 1 case of the 
depressor type, of hypersensitive carotid sinus reflex during stimulation 
and before and after the administration of atropine. In the vagal group 
stimulation resulted in the development of an asystole of two to thirteen 
seconds. Onset of asystole was usually followed by hyperpnea and then 
by the characteristic clinical manifestations of weakness, faintness, dizzi- 
ness, confusion and syncope. Simultaneously, the electroencephalogram 
revealed a diffuse, unlocalized burst of irregular, 3 to 6 per second waves 
of moderate potential, persisting for a few seconds and sometimes fol- 
lowed by a period of random low voltage activity. In a few cases when 
asystole was unusually prolonged syncope would be followed by a gen- 
eralized convulsion. In such instances the electroencephalogram showed 
rapid high potential spikes, probably of muscle origin, superimposed on 
the slow waves. When the vagal cardioinhibitor reflex was blocked by 
atropine, no symptoms or electroencephalographic changes occurred. In 
the case of the depressor reflex similar electroencephalographic changes 
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were noted. These coincided with the development of symptoms and 
occurred during the rapid fail in blood pressure. Hyperpnea was again 
the first reaction. In all these cases the development of symptoms was 
more prompt and constant in the erect position. 

In all the remaining 8 cases the patients exhibited symptoms that 
were suggestive of involvement of the central nervous system. These 
included focal or generalized convulsions, episodes of aphasia, motor 
weakness and dysesthesias. Neurologic examinations revealed nothing 
significant. Manual stimulation of the carotid sinus reproduced symptoms 
which were specific and constant in each case. In this group even when 
bradycardia or asystole occurred and was abolished by atropine, the char- 
acteristic neurologic reaction still took place on massage of the carotid 
sinus in spite of the absence of change in pulse or blood pressure. Electro- 
encephalograms were made in 7 cases. As in the previous group, stimula- 
tion of the carotid sinus was followed by bursts of slow potentials during 
which the clinical manifestations characteristic for each patient occurred. 
No clinical manifestations became apparent unless the electroencephalo- 
graphic changes occurred. The characteristic specificity of focal responses 
in the presence of a diffuse dysrhythmia suggested that in these cases 
there was an underlying focal area of diminished threshold which became 
clinically manifest if the reaction was not dominated by syncope or a 
generalized convulsion, 

A hypersensitive carotid sinus reflex is generally secondary to dis- 
ease directly or indirectly involving some portion of the reflex arc. Thus, 
it is frequently associated with generalized, cerebral and coronary arteri- 
osclerosis and with local disease of the carotid arteries.® The cardio- 
inhibitor type is sometimes associated with disease of hollow viscera, 
notably the gallbladder.® When neurologic symptoms are found to be 
reproducible' by stimulation of the carotid sinus, other primary etiologic 
factors must still be considered. 

Two illustrative cases are briefly presented. 

Case 1. — S. S., a 46 year old man, had had a cholecystectomy performed four 
years before admission, because of epigastric pain, nausea, vomiting, icterus and 
acholic stools. At operation, the gallbladder and the cystic duct contained stones 
and the common duct contained chalky material. After operation the patient 
adhered to a low fat diet and was well for one and a half years.’ He then had 
a recurrence of attacks of epigastric pain, associated with nausea, belching and 
marked dizziness and faintness. There was no recurrence of icterus. 

Examination on admission revealed nothing unusual. The blood pressure was 
110 systolic and 70 diastolic. A well healed scar was present in the right upper 

8. Ferris, E. B.; Capps, A. B., and Weiss, S. ; Carotid Sinus Syncope and 
Its Bearing on the Mechanism of the Unconscious State and Convulsions Medicine 
14:377, 1935. 

9. Engel, G. L., and Engel, F. L.: New England J. Aled., to be published. 
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quadrant of the abdomen. There was no abdominal tenderness or masses. The 
electrocardiogram was normal. Roentgen examination of the abdomen failed to 
3 deld evidence of a radiopaque biliary calculus. 

Stimulation of the right carotid sinus caused an asystole of five to six seconds, 
hyperpnea, pallor, dizziness and faintness, followed by nausea, belching and iacrima- 
tion. These s^^mptoms were identical with those occurring during the bouts of 
pain. The reaction was abolished by atropine. A duodenal tube was passed, and 
20 cc. of olive oil was introduced, with a good flow of bile resulting. For two 
days after this it was not possible to produce an}’- response to massage of the 
carotid sinus. When sensitivity had returned, the patient was given a high fat 
diet. This was followed by a decrease in tlie activity of the carotid sinus reflex 
and considerable relief of symptoms. 

Comment : This case is representative of the first group, in which a 
vagal type of reflex was apparently responsible for the episodic dizziness 
and faintness that accompanied the attacks. In this instance the sensi- 



Fig. 1. — Simultaneous electroencephalogram and electrocardiogram in a case 
of hypersensitivity of the carotid sinus reflex of the vagal type. 


tivit}’- of the carotid sinus reflex appeared to be related to a postchole- 
cystectom}'^ syndrome. 

Case 2.— H. Z., a 46 year old dentist, at the age of 12 had suffered an injury to 
the skull followed by loss of vision in the left eye. For ten years he had noted 
episodes of precordial pain and for two years had had fluctuating h}’pertension. 
Five months before admission he had abruptly become aware of sudden weakness 
occurring about ten minutes after arising in the morning. At the same time he 
had begun to have frequent episodes of involuntary clonic movements of the right 
hand and arm, which came without w’arning and were unrelated to any particular 
activity. Unassociated with this were transitory paresthesias of varying extent m 
the fingers of the right hand, occasional!}'- involving the arm and the right a 
of the body. 

On physical examination the patient appeared well developed and well nouns le 
The left eye showed optic atrophy, corneal scars and a left divergent stra ismus. 
The heart and lungs were normal. The blood pressure was 140 systo ic an 
70 diastolic in the right arm and 105 systolic and 90 diastolic in the left arm. 
systolic thrill and bruit were detectable in the left supraclavicular fossa.^ <■ 

subcutaneous nodules, ranging from the size of a millet seed to 1 cm. m lame , 
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manv of v/hich were attached to tendons, were noted. Neurologic examination 
revealed nothing abnormal except slight diminution of sensation for all modalities 
over tlie dorsum of the left hand. 

Laboratorv- Data : The blood contained 500 mg. of cholesterol and 250 .mg. of 
cholesterol ester per hundred cubic centimeters. Biops}' of a subcutaneous nodule 
revealed fibrojmnthoma. Roentgen examination of the ' skull and the cervical 
portion of the spine shov/ed no abnormalities. An electrocardiogram revealed 
normal sinus rhythm and a diphasic T wave in lead IV. Pneumoencephalography 
revealed moderate symmetric dilatation of the ventricular system. 

Manual stimulation of the carotid sinus resulted in asystole, followed hy dizzi- 
ness, weakness and a focal clonic seizure involving the right upper extremity. 
Prolonged stimulation caused the seizure to become generalized. Atropine abolished 
the vagal effect, but the abnormal neurologic response and the abnormal electro- 
encephalographic changes persisted in the absence of changes in pulse and blood 
pressure on massage of the carotid sinus. 

Comment : This case belongs in the second group. The clinical and 
laborator}' data justified a diagnosis of xanthomatosis. The hyper- 
sensitive carotid sinus and the focal neurologic manifestations were 
probably associated with the generalized vascular disease that accom- 
panies xanthomatosis. 

Acute Cerebral Anoxemia . — Acute anoxemia of sufficient extent to 
cause cerebral st'mptoms is most often a fatal complication. Instances of 
recurrent severe cerebral anoxemia are rare. The following case is a 
unique example of this condition : 

Case 3. — R. I., a 15 year old girl, had a congenital cardiac lesion which had 
been recognized early in life. Convulsions and periods of unconsciousness bad 
first occurred when she was a few months old. At the age of 5 years s 3 'ncopaI 
seizures had become frequent and thereafter had incapacitated her. These attacks 
occurred on slight exertion, on excitement and sometimes after prolonged fasting. 
During tlie attacks the patient was unconscious for one to two minutes. In the 
month preceding admission the patient had had at least one such spell a da}'. 

On physical examination -the patient appeared thin but well nourished. There 
was slight o'anosis at rest. Cubbing of the fingers and toes had occurred early. 
The lungs were clear. The heart was enlarged to the left and the right. The 
point of maximal impulse was in the sixth interspace, 11 cm. from the midline. 
A loud harsh murmur extended throughout systole, heard along both borders of 
the sternum, loudest in the third and the fourth interspace to the left. The second 
pulmonic sound exceeded the second aortic sound. The blood pressure was 120 
s}-stoIic and 80 diastolic. Neurologic examination revealed nothing abnormal. 

The report of the roentgen examination was as follows: “The heart was 
globular. The aorta was somewhat widened, and the pulmonarv- arterv- appeared 
small, suggesting the presence of pulmonaiv' stenosis ; the apex of the heart appeared 
unusual, being rounded and shov.dng slight angulation, suggesting that its lower 
portion consisted of right ventricle.’’ 

An electrocardiogram showed regular sinus rh}-!!™, marked right axis devi- 
ation and a QRS interval of high voltage. The carotid sinus reflex was not 
hypersensitive, and there was no postural hypotension. 

In the ward the patient had several syncopal seizures, which were noted to 
occur 'with fear, pain, excitement and the exertion of getting out of bed Each 
attack was marked by tachycardia (rate 150 to 170), which an electrocardiogram 
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revealed to be regular and of sinus origin. The sequence of events was, first, tachy- 
cardia, followed by increasing dyspnea and intense cyanosis and then confusion, 
stupor and unconsciousness. If the unconsciousness persisted for more than a 
minute, the- patient showed clonic movements of the extremities, conjugate devia- 
tion of the eyes and rigidity. Slowing of the pulse and decrease in cyanosis always 
accompanied recovery. Headache and somnolence followed such attacks. 

An electroencephalogram made with the patient at complete rest was entirely 
normal (fig. 2). After she walked 30 steps slowly, her pulse rate was 160 per 
minute and she was markedly cyanotic and dyspneic and somewhat dazed, torpid 
and confused. The electroencephalogram taken immediately showed instead of 
normal rhythm, slow irregular high potential delta waves (fig. 2). The record 
returned to normal in three and a half minutes as the patient recovered. 

Comment : The clinical and roentgen findings suggested a diagnosis 
of tetralogy of Fallot. The mechanism of the seizures was thought to be 
as follows : At complete rest the heart was just capable of meeting tis- 
sue oxygen requirements, as indicated by the slight degree of cyanosis 


50 

litV 


> • I .■ I . . . , 1 , . . . I . . . t— I'sec.^ ' I • • • • I • • • I ■ • • I • • ■ I 


I • I. 


4t rest: Sllc-ht cyanoelsi no sjTptoea# pulse rate 65 (Consecutive £0 second record, rlsht fronto-oecJpltal lead) 




. 1 • f . I ^ vj I 1 




Iraedlately after exertion( welkins ZO steps): Marked cyanosis, dyspnss, pulse rate 100 per nlnut©} patient dazed, 
torpid and confused; record returned to nomal In 3 1/2 minutes — 


Fig. 2. — Electroencephalogram in a case of acute cerebral anoxemia. 


and the normal electroencephalogram. During tachycardia, produced 
by any cardioaccelerator stimulus, such as exertion, fear or pain, the 
nature of the congenital defect prevented adequate quantities of fully 
oxygenated blood from reaching the tissues. The resultant anoxia in 
itself tended to increase the tachycardia. The ensuing picture was the 
direct result of acute cerebral anoxemia. Compensation was restored 
only when the cardiac rate was again slowed.®*^ 

9a. Recently there has come to our attention a case of an almost identical con 
dition reported by Hunter, in 1783 (M. Obs. Soc. Ph 3 'sicians London, 6:299, 1 )• 

The patient in this case was an 8 y^ear old boy, whom Hunter observed until his eat i 
at the age of 13. To quote directly from the author’s report: His [the oys 
complexion had never been fresh, but alw'ays dark, or tending to black. . • 
The most distressing symptoms were fits, which were always alarming, sorne imes 
more violent and more frequent than at other times, and in general worse wien i 
was in town than in the country ; for which reason he was kept for some years a mos 
constantly at his father’s country seat. When the fit was coming upon him, e vas 

(Footnote continued on next page) 
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.. f. \ tients showed somnolence, torpor and 
just prior to entry. At first the pat . , . 
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infection at this stage and therear i j i • r i, • • . 

, ,, , , . , py a marked slowing of all activities 

gradually deepened, accompanied t , . , , . 

, --I-.. 1 n • and occasional clonic twitches. This 

and then by rigidity, hyperrefiexia , . , , , 

1 -11 X r A- ' .shing to absent deep reflexes: loss of 

passed rapidly to a stage of dimmi Jo „ • , 

' . . 1 a . and finally incontinence of urine and 

respirator}’-, cough and gag reflexes 
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conformation of the heart, which alloiii ^ ^ \ery sma portion of the blood 
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This, of course, is a description of the ° congenital defects now known 

as the tetralog}' of Fallot. 
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feces. The suppression of the cough and the respiratory reflex estab- 
lished a vicious cycle that terminated in death one to two weeks from the 
time of entiy. 

In the case with recovery the electroencephalogram showed a regular 
rhythm, with a frequency of 7.5 to 8.0 per second, which is at the lower 
range of normal. In the remaining cases the electroencephalogram 
showed diffuse, slow, high potential waves, which were uninfluenced by 
opening the eyes, and a complete absence of normal alpha waves. In 
the earlier stages of anoxemia the waves were 5 to 6 per second in fre- 
quency and were fairly regular. With progression of the anoxemic 
process the record became increasingly disorganized (fig. 3, compare the 
record in case 4 to that in case 29). It was not possible to change the 
electroencephalogram or improve the patient’s condition by the inhalation 
of 100 per cent oxygen.®'* 



{ Cage S2t Bronchitis^ bronettlal eathaa, asp*-7ae5tt> geeo~jtLr 7 pol 7 eythesl« _ _ 

Fig. 3. — Electroencephalograms in cases of chronic cerebral anoxemia. 


The following was typical of the group : 


Case 4. — L. S., a 69 year old man, had had severe asthma for many years. For 
several weeks he had noted increasing dyspnea and frequent asthmatic attacks. 
Two days before admission he had become much more dyspneic, and the next 
day edema of the legs and abdomen had appeared. Sudden collapse led to his 
admission to the hospital. 

On physical examination the patient was acutely ill, with intense, black cyanosis 
and marked dyspnea. The mucous membranes were congested and cyanotic. The 
pharynx was injected, and there was a postnasal drip of thick, purulent materia . 
The veins of the neck were distended, and there was a hepatojugular reflux. T le 
chest was markedly emphysematous. The breath sounds were distant and accom 
panied by many sibilant and sonorous rales throughout the sticky moist rales at 
the bases of both lungs. There was dulness at the base of the left 
heart was enlarged to the left and the right. The second pulmonic soun 
accentuated. The blood pressure was 170 sj'stolic and 110 diastolic. The nor 


9b. Recent studies by one of us (G. E.), making use of a more quanti^tiv 
method of analysis of the electroencephalogram, have revealed that a 
degree of improvement in the electroencephalogram occurs on inhalation of 10 
cent oxygen in chronic anoxemia of pulmonary origin if the arterial oxygen sa u 
tion can be significantly raised. 
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was enlarged, and there was pitting edema of the legs to a point above the knees. 
The deep reflexes were hyperactive. The patient was torpid and responded slowly. 

Laboratory examination of the blood revealed the hemoglobin concentration to 
be 126 per cent; the red cell count, 7,480,000 per cubic millimeter; the white cell 
count, 8,000, with a shift to the left; the urea nitrogen, 15 mg. per hundred cubic 
centimeters, and *the carbon dioxide combining power, 91.5 volumes per cent. 
The venous pressure was 10.5 cm. of water, with a rise to 16 cm. on compression 
of the right upper quadrant of the abdomen. The saccharine circulation time was 
eighteen seconds, and the ether circulation time, eleven seconds. The vital capacity 
was 1,000 cc. The electrocardiogram showed left axis deviation, prominent P 
waves and slurring of the QRS interval in lead I. 

Heart failure quickly subsided with the use of mercupurin and the limitation 
of fluids. However, the patient remained intensely cyanotic even with 100 per cent 
oxygen given by the Boothby-Loyelace-Bubulian mask. Torpor increased, but 
the patient could be aroused. All movements and reactions to stimuli became 
markedly slowed. The deep reflexes became depressed and then extinguished. 
There was marked muscle weakness. Respirations became more shallow; the 
cough reflex diminished, and he was unable to bring up the thick bronchial 
secretions. Multiple areas of atelectasis developed. Administration of coramine 
(a 25 per cent solution of pyridine betacarboxylic acid diethylamide) and bronchos- 
copy were ineffective, and after eleven days the patient became comatose and 
incontinent; he died on the thirteenth day of hospitalization. 

An electroencephalogram was taken on the sixth day of his stay in the hospital, 
when he still could be easily aroused but showed marked retardation. It revealed 
fairly regular 5 to 6 per second waves of moderately high potential, which were 
uninfluenced by opening or closing the eyes (fig. 3, case 4). 

ABNORMAL CARBOHYDRATE METABOLISM 

Abnormal carbohydrate metabolism provides the basis for neuro- 
psychiatric disturbances in another group of cases. Two types of dis- 
order are considered. The first, Addison’s disease, is an endogenous 
deficiency state with a tvell defined disturbance in carbohydrate metabo- 
lism and is represented by 8 cases. The second group of 5 cases inclpdes 
a variety of toxic and deficiency states in which the chief evidence for 
disordered carbohydrate metabolism is a flat sugar tolerance curve with 
hypoglycemia but in which the nature of this disturbance is not always 
clear. 

Addison's Disease . — The presence of a definite defect in carbohydrate 
metabolism which can be ameliorated by adequate replacement therapy 
makes Addison’s disease an ideal condition for the study of cerebral 
response to faulty carbohydrate usage. The main features concerning 
carbohydrate metabolism in Addison’s disease may be summarized as 
follows : (a) slightly impaired absorption of dextrose from the gastro- 

intestinal tract; (b) decreased ability to form new dextrose from the 

10. (a) Long, C. N. H. ; Katzen, E., and Fry, E.; Tlie Adrenal Cortex and 
Carbohydrate I^Ietabolism, Endocrinologj- 26:309, 1940. (b) Thorn, G. W.; Koepf 
G. F. , Lewis, R. A., and Olsen, E. F. ; Carbohydrate ^letabolism in Addison’s 
Disease, J. Clin. Investigation 19:813, 1940. 



246 


ARCHIVES OF INTERNAL MEDICINE 


intermediary products of carbohydrate and of protein metabolism ; (c) a 
corresponding increase in the utilization of exogenous carbohydrate at the 
expense of fat and protein, indicated by an elevated respiratory quotient 
and an increased carbohydrate appetite; {d) rapid exhaustion of avail- 
able carbohydrate stores, including liver glycogen, particularly under 
fasting conditions; (<?) markedly increased sensitivity to factors which 
normally lower the level of blood sugar, such as insulin or fasting, with 
failure of normal homeostatic mechanism to counteract the resultant 
hypoglycemia, and (f) a tendency to a low value for blood sugar during 
fasting and a flat sugar tolerance curve with terminal hypoglycemia. 

This type of metabolic disturbance, involving both inadequate supply 
and inefficient utilization of dextrose, clearly represents more than simple 
h 3 ^poglycemia. In patients with Addison’s disease symptoms of hypo- 
glycemia may develop at much higher levels of blood sugar than in 
normal persons,^*”^ suggesting that the threshold of cerebral reaction has 
been lowered. Under such circumstances it is not unexpected that neuro- 
psychiatric disturbances are encountered commonly in persons with this 
disease. This was first pointed out in the original description by Addi- 
son, in 1855,^^ who thought these manifestations resulted from disturbed 
cerebral circulation. Some of the earlier observers were so impressed 
with this aspect of the disease that they considered the illness primarily 
one of the nervous system.^^ Klippel discussed the encephalopathie 
addisonieiine}^ Hartman repeatedly called attention to the nervous 
manifestations of the disease and was certain that the vital hormone 
affected the nervous system directly. 

The incidence of neuropsychiatric disturbances in patients with Addi- 
son’s disease is higher than is ordinarily realized. Of the 25 cases of 
this condition on record at Mount Sinai Hospital during the past ten 
years, signs and symptoms in 16 were striking enough to deserve com- 
ment (table 1). Review of the literature confirmed this impression! 
Most commonly these manifestations occur preceding or during crises 
and may include the widest range of abnormalities. Changes in mood or 
behavior not infrequently constitute the earliest clinical evidence ^ of 
impending collapse. In other cases recurrent spells of bizarre behavior 
or episodic neurologic disturbances occur, with relatively free intervals 
between.’^^ And there are a group of cases on record with sweeping 
disturbances of long standing, which show marked fluctuations from 

11. Addison, T. : On the Constitutional and Local Effects of Disease of the 

Supra-Renal Capsules, London, S. Highley, 1855. j i 

12. Greenhow, E. H.: On Addison’s Disease, London, Longmans [and others], 

1875 

13. Klippel, M.: Encephalopathie addisonienne. Rev. neurol. 7:898, 1899. 
Lebrun, R.: Contribution a I’etude de I’encephalopathie addisonienne, Ihesis, 

Paris, 1937. - 

14. Hartman, F.: The Adrenal Problem, Endocrinology 19:633, 1935. 



ENGEL-MARGOLIN— NEUROPSYCHIATRIC DISTURBANCES 247 


time to time/^ The most characteristic feature of these disturbances 
is their fluctuating and episodic nature and the fact that they may include 
a wide variety of neurologic and psj'^chiatric disorders. This is well 
illustrated in the following case: 

Case S (this case will be reported in detail elsewhere — The patient was 
a 27 year old man with known Addison’s disease of seven years’ duration. Crisis 
first appeared during the development of thromboangiitis obliterans which involved 
both legs. Clinical and laboratory findings at that time were typical of Addison’s 
disease. After this he was maintained in relatively good health, except during 
intercurrent infections, with an aqueous adrenal cortical extract, supplied by 
Drs. W. W. Swingle and L. G. Rowntree, and sodium chloride. One year before 


Table 1. — Neurofisychiatric Disturbances in Cases of Addison’s Disease 
Recorded at the Mount Sinai Hospital, 1930-1940 


Case No. 

Age, Tr. 

Clinical Manifest'ations 

18 

35 

Paresthesias of fingers and toes 

19 

60 

Irregular pupils; diminished deep reflexes; diminished vibratory sense 

20 

50 

Nervous; irritable; markedly uncooperative; depressed 

21 

57 

Acute paranoid psychosis; noisy; difficult nursing problem; com- 
mitted suicide after discharge 

22 

74 

Confused; depressed; negativistie 

23 

53 

Horner’s syndrome; right abdominal reflexes depressed; bilateral 
suprapatellar and ankle clonus; hyperreflexia 

24 

3S 

Transient paresthesias of hands and feet; hyperactive deep reflexes; 
uncooperative patient 

25 

40 

Transient amblyopia- 

2C 

42 

Irregular pupils, reacting sluggishly; bilateral ptosis 

2- 

23 

Acute psychosis with delirium, disorientation, delusions, hallucina- 
tions and irrational, erotic behavior 

11 

23 

Marked depression, with suicide attempt; uncooperative; childish 

12 

40 

Personality change, with irritability, restlessness, depression and loss 
of interest; patient uncooperative, surly and complaining 

13 

22 

Collapse, followed by appearance of spastic paraplegia, with hyper- 
active reflexes, clonus and spastic gait 

14 

47 

Marked depression and agitation during impending crisis 

5 

27 

Dyskinetic syndrome; convulsions; paresthesias; scotomas; marked 
personality change (sec text) 

IG 

54 

Tearful, rambling, agitated, depressed, uncooperative; sensation of 
tightness and pulling in the hands; deep reflexes markedly 
depressed 


admission the patient began to take the extract irregularly and finally discontinued 
it altogether. Within a few months he .began to show a decided change in per- 
sonality, with irritability, unmannerliness, deterioration of habits, unexplained 
bursts of anger and periods of amnesia and unreality. A dyskinetic syndrome, 
occasionally hemiballistic and occasionally choreoathetoid ; trismic speech; ataxia; 

15. Porter-Philips, J. G.: Nervous and Mental Symptoms in a Case of Addison’s 
Disease, Brit. M. J. 2:1705, 1912. Rushton, J. G.; Cragg, R. W., and Stalker, L. K. : 
Spontaneous Hypoglycemia Due to Atrophy of the Adrenal Glands, Arch. Int; Med. 
66:531 (Sept.) 1940. Porot, M. A.; Psychose addisonienne ; Essai de traitement 
chlorure, Ann. med. psychol. 2:665, 1937. 

16. Engel, G. L., and Margolin, S.: Chronic Hypoglycemia in a Case of 

Addison’s Disease, to be published. The patient in this case has already been the 
subject of two previous reports (Silbert, S.: Thromboangiitis Obliterans and 
Addison’s Disease -in the Same Patient, J. A. M. A. 108:551 [Feb. 13] 1937 
Rowntree, L. G.: Increasing Survival Time in Addison’s Disease ibid 114 -747^ 
[June 29] 1940). ’ ‘ 
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transient scotomas ; patchy d 3 'sesthesias, and finallj^ convulsions made their appear- 
ance. All these manifestations showed striking fluctuation from time to time. The 
patient evinced a growing carbohydrate appetite, and his symptoms showed con- 
siderable variation with food habits, becoming worse after fasts. He was completely 
incapacitated by these sj^mptoms and was admitted to the hospital May 3, 1940. 

On physical examination the patient was well developed and well nourished, 
with striking pigmentation of the skin and mucous membranes. He moved about 
constantly in bed, showing jerkT, involuntary movements of all his extremities. 
There were frequent twisting and arching movements of the trunk and grimaces of 
the face. Speech was markedly trismic; the gait, broad based and ataxic. Marked 
finger to nose ataxia was present. The blood pressure was 135 systolic and 85 
diastolic. The heart and lungs were normal. The left great toe had been 
amputated. Pulsations were absent in the left leg. 

Examination of the blood revealed the hemoglobin content to be 17.5 Gm. per 
hundred cubic centimeters ; the hematocrit reading, 48.5 per cent ; the urea nitrogen, 
21 mg. per hundred cubic centimeters; the sugar, 75 mg. per hundred cubic 

Table 2. — Dextrose Tolerance Tests, Case 5 


Date 

of 8 
5/22 
0 / 1 

7/19 

7/20 


3/ 5 


Blood Sugar, Mg./lOO Cc. 

X 



Fast- 





PA ' 


Therapy 

ing 

%Hr. 

IHr. 

2 Hr. 

3 Hr. 

4 Hr. Hr. 

Comment 

Xonfi 


770 

70:’ 

300 

03 



Desoxycortieosterone acetate 

85 

125 

100 

85 

105 

, , , , 


Aqueous adrenal cortical e.x- 








tract (Unjolm) 

85 

135 

130 

120 

110 

05 

Eeaction 

Vitamin B complex 

85 

103 

1C5 

150 

130 

i)0 

Eeaetion 

Vitamin B complex and 








aqueous adrenal cortical 
extract (Upjohn) 

85 

135 

140 

110 

ICO 

70 

Eeaction 

Vitamin B comp'.ex and 








aqueous adrenal cortical 








extract (Upjohn) 

05 

1C5 

ISO 

110 

80 

75 

No reaction 


centimeters ; the chlorides, 95.6 milliequivalents per liter, and the sodium, 135.3 
milliequivalents per liter. 

Course : The patient was observed for a total of fourteen months. On admis- 
sion it was found that he had a huge carbohydrate appetite, consuming an average 
of 800 Gm. of carbohydrate daily. Blood sugar values during the day ranged 
between 65 to 95 mg. per hundred cubic centimeters in spite of frequent feedings. 
Tj'pical hypogb'cemic reactions, characterized by profuse sweating, tacly'cardia, 
weakness and sudden personality change, were frequent and were associated with 


blood sugar levels of 45 to 75 mg. per hundred cubic centimeters. The dextrose 
tolerance curve on admission was flat (table 2). The patients neuropsychiatric 
symptoms were transient!}", but only partiallj", relieved by the frequent high carbo 
l^'drate feedings. Desoxj'corticosterone acetate, which has little effect on carbo 
hi'drate metabolism in persons with Addison’s disease,^®*' was ineffective. Definite 
and sustained improvement followed the use of an aqueous adrenal cortical e.xtract 
(Upjohn) in a dose of 5 cc. dailj". When, in addition to this, massive ^doses o 
thiamine hydrochloride (60 mg.), riboflavin (30 mg.) and nicotinamide (oOO 
were used, an almost complete remission of the patient’s presenting symptoms too • 
place. He was able to return to normal activity and thereafter remained^ asj mp o 
matic except during lapses in therapy and intercurrent infections. Associate vi ^ 
this clinical improvement were a decrease in daily carbohydrate inta 'e to 
average of 450 Gm. four times daily, a gain of 30 pounds (14 Kg.) m veig 
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an increase in the height of the dextrose tolerance curve (table 2) and higher 
random levels of blood sugar (75 to 130 mg. per hundred cubic centimeters). 

Electroencephalograms were taken at frequent intervals. The initial record 
(fig. 4) showed marked disorganization of the normal pattern, with much slow, 
irregular, high potential 2 to 6 per second activity. At this time it was not 
possible to influence this pattern more than slightly by large quantities of dextrose. 
As the patient’s symptoms were brought under control and the carbohydrate 
utilization improved, the electroencephalogram showed progressive improvement. 
When the patient was asymptomatic, the record became normal, although the level 
of blood sugar at the time the record was taken was not significantly higher. Precipi- 
tation of a hypoglycemic reaction, with a fall of blood sugar to 70 mg. per hundred 
cubic centimeters, reproduced a record similar to the original one, but this record 
could now be restored to normal by the administration of dextrose. 



Fig. 4 (case 5). — Electroencephalograms made during the course of therapy 
of Addison’s disease. 


Comment: In this case striking neuropsychiatric symptoms were 
associated with a marked disturbance in carbohydrate metabolism and 
a diffuse abnormality in the electrical activity of the brain. The close 
parallel between the improvement in the clinical manifestations, the 
carbohydrate metabolism and the electroencephalographic activity on 
specific replacement therapy w’arrants the conclusion that they were 
intimately related. The electroencephalogram strongly resembles that 
reported for insulin hypoglycemia, but it is significant that in cases of 
induced hypoglycemia such records \vere obtained only wdth levels of 
blood sugar well under 50 mg. per hundred cubic centimeters and the 
records were promptly restored to normal by the administration 'of 
dextrose. The much higher levels of blood sugar in this case suggest 




250 


ARCHIVES OF INTERNAL MEDICINE 


that the ability of the central nervous system to utilize the available 
sugar was also impaired. Even when the electroencephalogram had 
been restored to normal, a typical hypoglycemic record could be pro- 
duced at a level of blood sugar of 70 mg. per hundred cubic centimeters, 
suggesting a lower threshold of cerebral reaction. A fuller discussion of 
the possible modes of action of the various therapeutic agents used in this 
case cannot be taken up here but will be the subject of another report.^®" 

In all cases of Addison’s disease some degree of impairment of 
carbohydrate metabolism may be demonstrated. Cases in which it 
dominates the disease, however, are less commonly encountered, and 
the case just presented represents an unusually severe instance. Seven 
other cases of typical Addison’s disease were studied. Four of these 
cases have been reported.^" In all cases the patients were being treated 
with desoxycorticosterone acetate. Histories of 5 of the patients revealed 
significant neurops 3 ’’chiatric disturbances (table 1). 

Levels of sugar determined in blood drawn while the patients were 
fasting ranged from 50 to 95 mg. per hundred cubic centimeters. 
Dextrose tolerance tests are recorded in table 3. In 4 cases (15, 12, 
13 and 17) the sugar tolerance curves were flat. In 3 cases (15, 14 and 
12) the patients experienced hj’poglycemic reactions four to five hours 
after receiving dextrose, sugar walues at that time ranging from 55 to 
65 mg. per hundred cubic centimeters. In 3 cases (11, 12 and 15) the 
patients gave histories suggestive of spontaneous hypoglycemic reactions. 

Electroencephalograms taken under fasting conditions showed abnor- 
malities in the spontaneous records in 5 cases. These consisted chiefly 
of bursts of 3 to 6 per second potentials, usually of higher voltage than the 
alpha waves and with no definite cortical focus (fig. 5). These waves 
could not immediately be influenced by dextrose but did show variation 
with the general condition of the patient. For example, the abnormalities 
in the record in case 11 (fig. 5) taken when the patient was exhibiting 

16a. Since this report was submitted for publication, it has been established that 
this patient is also suffering from a diffuse vascular disease. This has manifested 
itself by albuminuria, closure of retinal vessels, preretinal hemorrhages, mild hyper- 
tension (150 S3'stolic and 100 diastolic) and recurrent indolent ulcers, biops3'^ of one 
of which revealed the vascular lesions. The relation between this condition and the 
Addisonian syndrome is entirely unclear at the present time. Therapy with adrenal 
cortical extract (Upjohn) was discontinued in October 1941, and again the patient 
appeared to be unaffected tliereby for several months. However, he was readmitte 
to the hospital in June 1942, with recurrence of convulsions, loss of 10 pounds 
(5 Kg.) in weight and h 3 'pogl 3 xemia. A dextrose tolerance curve on this admission 
was as follows; fasting, 70 mg. per hundred cubic centimeters; one hour, 80 
two hours, 70 mg. ; three hours, 50 mg., and four hours, 25 mg., with a mar e 

reaction. r a jj- ' 

17. Suffer, L. J. ; Engel, F. L., and Oppenheimer, B. S. : Treatment of ® 

Disease with Desoxycorticosterone Acetate, J. A. M. A. 115:1860 (Nov. 30) 
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* Tho amount ot tho hypeirventilation record made up of 2-5 per second waves, expressed as a percentage of the whole hyperventilation period, 
t Tho length of time of hyperventilation before 2-5 per second waves appeared, expressed ns a percentage of the whole time of hyperventilation. A value of 100 
per cent moans no 2-5 per second waves appeared by tho end of tho hyperventilation period. 



252 


ARCHIVES OF INTERNAL MEDICINE 


early evidences of insufficiency, including hypoglycemic episodes, dis- 
appeared completely several months later when her general condition 
and appetite were excellent. 

The effects of hyperventilation on the electroencephalogram were 
studied in 6 cases (a preliminary report of this study has already been 
made^®). In 5 of these the patients when fasting showed an abrupt 
appearance of long bursts of high potential (75 to 175 microvolts) 
waves, of a frequency of 2 to 5 per second, most often 2 to 3 per second. 
In some instances these bursts bore some resemblance to the wave 
and spike pattern of petit mal. The types of waves are illustrated in 
figure 6. The length of time of hyperventilation necessary to bring out 
these potentials was short, nineteen to fift 3 ’--eight seconds. This interval 
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Fig. 5. — Spontaneous electroencephalographic abnormalities in cases of defective 
carbohydrate metabolism. 


has been designated as the “induction time.” After completion of 
ninety to one hundred and twenty seconds of hyperventilation repeated 
bursts of these high potential waves continued for varying periods up to 
four and a half minutes. This has been called the “after discharge. 

This hyperventilation effect was found to be closely correlated with 
the level of blood sugar. Figure 7 shows a typical condensed hyper- 
ventilation record taken before and thirty minutes after the ingestion 
of sugar. Suppression of the slow potentials is complete, even after 
one hundred and twenty seconds of hyperventilation. In some instances 

18. Engel, G. L., and Margolin, S. : Clinical Correlation of the Electroencephalo- 
gram with Carbohj'drate Metabolism, Arch. Neurol. & Psychiat. 45:890 (^ ay) 
1941 ; Neuropsychiatric Disturbances in Addison’s Disease and the Role of Impaire 
Carboh 3 'drate Metabolism in Production of Abnormal Cerebral Function, ibid. 

881 (May) 1941. 
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Fig. 6.— Types of waves appearing in electroencephalograms on hyperventilation 
in cases of defective carbohydrate metabolism. 



Begin hyperventilation 


4—1 aec.“^ 

1 sec.— ^ 

,4~1 sec.-^ 

I End hyperventilation (120 sec.) 


30 eiln. after oral ingestion of dextrose 


Fig. 7.~A typical hyperventilation record (condensed) in a case of Addison’s 
disease before and thirty minutes after the ingestion of dextrose 
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even four minutes of hyperventilation failed to bring out the slow waves 
after ingestion of sugar. When the amount of abnormal activity, expressed 
as the percentage of second inten^als in the hyperventilation period 
containing 2 to 5 per second waves, was plotted against hourly levels of 
blood sugar, a close reciprocal relation was demonstrated (fig. 8, 
table 3). Similarly, the induction time, expressed in percentage of the 
hyperventilation time, paralleled the blood sugar curve. In other words, 
rising blood sugar decreased the amount of slow, high potential waves 
to the point of extinction, while the induction time was correspondingly 
increased. With a fall in blood sugar the reverse occurred. Dextrose 
appeared to protect the brain against the development of abnormal 



Fig. 8. — Relation between the level of blood sugar, the percentage of 2 to 5 
per second waves and the percentage of induction time during a dextrose toler- 
ance test in a patient with Addison’s disease. 


electrical activity. These observations were consistently checked in 
11 experiments on 4 patients. 

Toxic Deficiency States . — ^We observed 5 cases in which the patients 
had in common flat sugar tolerance curves, a tendency toward hypo- 
glycemic reactions, neuropsychiatric disturbances and abnormal electro- 
encephalograms. The underlying diseases varied widely, including 
2 instances of anorexia nervosa, 1 with associated rheumatoid arthritis, 
and single instances of ulcerative colitis, periarteritis nodosa and anxiety 
state. All patients showed marked undernutrition and a relatively 
increased carbohydrate intake. No definite data are available as to 
the nature of the carbohydrate disturbance other than what might result 
from toxic, deficiency and nutritional factors. 

In 2 cases (6 and 7) the patients had normal spontaneous electro- 
encephalograms but showed marked hyperventilation effects identica 
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with those observed in cases of Addison’s disease (figs. 6 and 7) except 
for slightly longer induction periods, ranging from forty-five to ninety 
seconds. After hyperventilation was discontinued, the abnormal slow 
potentials persisted for as long as ninety seconds. Abnormal potentials 
were abolished by dextrose and returned with falling blood sugar. In 
1 case (6) four months after a complete recovery from active ulcerative 
colitis it was not possible to bring out any abnormal ' slow potentials, 
even after three minutes of hyperventilation in the fasting state. In the 
other case the patient showed no improvement clinically or electro- 
encephalographically after two months of attempted therapy. 

Case 6. — H. B., a 26 j-ear old man with typical ulcerative colitis of several 
years’ duration, was readmitted to the hospital because of recurrence of diarrhea 
and fever and loss of 60 pounds (27 Kg.) of weight. He weighed 104 pounds 
(47 Kg.) and appeared acutel}”^ and chronically ill, undernourished and dehydrated. 
The tongue was red and sore. Cheiloses were present. The abdomen was scaphoid 
and diffusely tender. A perirectal abscess was present. The patient had a fever 
which ran a hectic course, lost weight steadily and had intractable diarrhea. 

The neurologic examination revealed nothing abnormal. The patient constantly 
whined, complained and demanded attention. He had periods of sudden panic and 
uncontrollable outbursts of tears. The mood was frequently inappropriate. On one 
occasion he had sudden loss of consciousness lasting ten minutes. The patient 
evinced an excessive desire for sweets, which predominated in his limited diet. 

The standard dextrose tolerance curve was flat (table 3). 

After surgical intervention the patient made a dramatic recovery. When seen 
four months later, he weighed 160 pounds (73 Kg.), felt well and exhibited none 
of the abnormal trends noted during his acute illness. The electroencephalogram 
was now entirely normal. 

Case 7. — E. S., a 36 year old married white woman in a setting of emotional 
and domestic strain, experienced anorexia, nausea, vomiting, belching and episodes 
of epigastric pain, associated with loss of weight and strength. She became increas- 
ingly tense and irritable and had frequent crying spells. Menses became delayed. 

On examination she appeared well developed but markedly undernourished and 
was complaining of abdominal distress. The blood pressure was 130 systolic and 
90 diastolic. The abdomen was scaphoid and nontender. The pelvic examination 
revealed nothing abnormal. 

Laboratory examination yielded the following data: hemoglobin concentration, 
87 per cent; guaiac reaction of stool, negative; basal metabolic rate, — 24 per cent; 
15 mg. of urea nitrogen, 75 mg. of sugar, 540 mg. of cholesterol and 215 mg. of 
cholesterol ester per hundred cubic centimeters of blood, and dextrose tolerance 
curve, flat (table 3). Sigmoidoscopy and roentgen examination of the gastro- 
intestinal tract revealed nothing abnormal. 

The patient showed a great deal of anxiety and emotional lability and had 
crying spells and periods of agitation. She had frequent vague bodily complaints. 
Several episodes of extreme agitation, epigastric distress and sense of impending 
death responded promptly to a sweetened drink. The levels of blood sugar during 
these episodes ranged from 70 to 80 mg. per hundred cubic centimeters. 

Attempts to improve the patient’s nutrition were unsuccessful. It was felt that 
psychotherapy was indicated. 
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Comment : In this case the disturbed carbohydrate metabolism was 
secondary to the prolonged undernutrition. It appeared to increase the 
patient’s abnormal trends and to make the development of insight into the 
nature of her gastrointestinal complaints more difficult. 

In the 3 remaining cases the patients showed abnormalities in the 
electroencephalogram spontaneously and after hyperventilation. The 
hyperventilation effect was less striking in these cases. The spontaneous 
abnormalities again consisted of groups of slower (5 to 7 per second) 
waves. In 1 case (8) the patient had a marked remission of symptoms, 
during which the electroencephalogram became normal. With relapse 
the abnormal record again appeared (fig. 5). 


Case 8 . — I. R., a 35 3 'ear old woman, experienced anorexia, weakness, pallor, 
loss of weight and amenorrhea fourteen months before admission, after serious 
emotional difficulties. Three months later psoriasis developed, followed bj' pain and 
stiffness of the joints and low grade fever. She had several admissions to other 
hospitals, where therapy was directed toward arthritis and anemia. Five months 
before entry she began to have episodes of weakness and faintness after fasts and 
had one convulsive episode. There was no past or family history of seizures. Her 
condition went gradually downhill, with a loss of 63 pounds (29 Kg.) of weight. 
Bronchopneumonia led to her final hospitalization. 

The patient was markedly undernourished, cachectic and pale. Cheiloses were 
present, and the tongue and gums were red and sore. Numerous psoriatic patches 
were present. Most of the major joints, including those of the spine and phalanges, 
were stiff, painful, swollen and deformed. The blood pressure was 92 systolic and 
68 diastolic. There were evidences of bronchopneumonia at the bases of both 
lungs. The abdomen was doughy. The neurologic examination revealed nothing 
abnormal. 

The hemoglobin concentration was 72 per cent, and the blood contained 9 mg. 
of urea nitrogen, 70 mg. of sugar and 220 mg. of cholesterol per hundred cubic 
centimeters. 

After a stormy course the patient recovered from the pneumonia. Severe involve- 
ment of the joints, fever, anorexia, weakness and faintness persisted. She fre- 
quently complained of dazed and unreal feelings, particularly before breakfast, 
and on one such occasion, she lost consciousness and convulsive movements 
developed. The level of blood sugar after the episode was 85 mg. per hundred 
cubic centimeters. The dextrose tolerance curve was flat (table 3). The electro- 
encephalogram at this time showed the abnormalities illustrated in figures 5 and 6 . 
The patient was markedlj’' hyperirritable, emotionalh’^ labile, uncooperative and 


complaining and exhibited poor insight and judgment. 

With the patient on a high calor}^ high vitamin diet and with spontaneous 
improvement in symptoms referable to the joints and a fall in temperature, appetite 
returned, episodes of morning weakness and faintness vanished and the genera 
demeanor improved. The electroencephalogram was now entirely normal, before 
and after hyperventilation (figs. 5 and 6 ). The dextrose tolerance test shove 


some improvement (table 3). . . ■ j 

Shortly after this the fever and symptoms referable to the joints recurre , 
and with them anorexia, weakness and the marked personalit}^ ^changes. ic 
electroencephalogram again showed abnormal activit}'. The patient s course t lere 
after was progressively downhill, and she died four weeks later in collapse, a ter 


a generalized convulsion. 
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Case 9— E. G., a 19 year old girl, presented a one year history including rhinitis, 
asthma, diarrhea, pulmonary infiltrations, mononeuritides, eosinophilia, swelling of 
the joints and a maculopapulopurpuric eruption. Biopsy of affected skin confirmed 
the clinical diagnosis of periarteritis nodosa. 

She was anorexic and extremely undernourished and showed marked emotional 
labilitj', with frequent weeping spells alternating with inappropriate hypomanic 
states and bursts of temper. Her famib'^ reported a change from her usual 
behavior. 

The dextrose tolerance curve was flat (table 3). The electroencephalogram 
showed the abnormalities noted in figures 5 and 6. The hj'’perventilation effects 
vanished after tlie administration of sugar, remained, in abeyance for two to three 
hours and then returned. The patient showed no improvement during the two 
and a half months of observation. 

Case 10. — P. D. was a 22 year old woman whose father had died of a massive 
hemoptysis. Eight months before admission she had a small hemoptysis, after 
which she became extremely upset and had frequent headaches, nervousness, weak- 
ness, vertigo, anorexia, palpitation and fatigue. Another hemoptysis led to her 
admission. 

On examination she was tense and undernourished and was perspiring moder- 
ateh'. The blood pressure was 110 systolic and 80 diastolic. The remainder of 
the examination revealed nothing abnormal. 

Extensive examination failed to reveal any cause for the hemoptysis, which was 
thought to be of benign bronchial origin. 

A dextrose tolerance test yielded a flat curve, with a fall to 40 mg. per hundred 
cubic centimeters at three hours (table 3). The electroencephalogram showed 
bursts of 6 to 7 per second potentials and a shifting alpha frequency ranging from 
8 to 12 per second. Hyperventilation produced bursts of 3 per second waves 
which disappeared for three hours after the ingestion of dextrose. 

Comment on cases of abnormal carbohydrate metabolism ; In this 
group of 13 cases we have attempted to demonstrate a relation between 
the neuropsychiatric symptoms and the altered carbohydrate metabolism. 
The electroencephalogram was used as an indicator of altered cerebral 
function. Two types of electrical abnormality were observed. First, 
there Avere spontaneous bursts of slow (2 to 6 per second) potentials, 
often of high voltage and originating diffusely from all portions of the 
cortex. These waves were only slightly influenced by changes in the level 
of blood sugar except during obvious hypoglycemic reactions, but they 
were unquestionably modified, to complete disappearance in some 
instances, by factors which effectively improved the carbohydrate metab- 
olism, such as adequate replacement therapy in cases of Addison’s disease 
or remission of the underlying disease in the other cases. An improve- 
ment in the dextrose tolerance curve always accompanied such clinical 
improvement. Secondly, the electroencephalograms in many cases 
showed an unusual sensitivity to the effects of hyperventilation. The 
sustained bursts of regular, high potential, slow waves, such as are 
illustrated, appeared after brief periods of overbreathing and persisted 
for long periods after overbreathing had been discontinued. This sensi- 
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tivity was markedly reduced by raising the blood sugar and in 1 instance, 
at least, disappeared completely when the underlying disease (ulcerative 
colitis) was cured. Whether this increased sensitivity to hyperventilation 
was due to a defect in the cerebrovascular mechanism which normally 
compensates for decreased carbon dioxide in the blood or to a lowered 
threshold of cerebral reaction was not determined in this study, but it 
was unquestionably outside the normal range for the age group under 
consideration. The exceptionally high incidence of this phenomenon (5 
out of 6) in a single group, such as the cases of Addison's disease, 
eliminated the possibility of mere coincidence. Further study of the 
incidence and mechanism of this phenomenon among various age groups 
will be necessar}^ however, before its clinical significance can be 
determined. 

It is important to emphasize that the defect in carbohydrate metabo- 
lism in these cases involved more than simple hypoglycemia. Symptoms 
and electroencephalographic abnormalities were often present at rela- 
tively normal levels of blood sugar. When typical hypoglycemic reac- 
tions did occur, the level of blood sugar was usually higher than one 
ordinarily sees during induced insulin reactions in normal subjects. 
This also suggests a lowered threshold of cerebral reaction, possibly 
due to inefficient utilization of the available sugar by the central nervous 
system. 

CONCLUSIONS 

A series of cases has been presented in which clinical, metabolic 
and electroencephalographic data have been correlated. The results 
appear to warrant the conclusion that the varied neurologic and psychi- 
atric manifestations observed could be attributed, on the one hand, to 
interference with the oxygen supply to the brain and, on the other, to 
inadequate carbohydrate utilization by the brain. The response to 
therapy directed toward correction of the underlying metabolic defect 
in several of these cases suggests the possibility of a more rational 
approach to the treatment of neurologic and psychiatric complications 
occurring in certain internal diseases. The value of the electroencephalo- 
graph in identifying this type of disturbance is clearly demonstrated and 
definitely suggests a more extensive use for this instrument in internal 
medicine. 

SUMMARY 

The requirements of the central nervous system for readily avail 
able oxygen and dextrose to maintain normal function form the basis 
for a report of a series of cases of generalized disease, in which neuro 

19. Lennox, W. G.; Gibbs, F. A., and Gibbs, E. L.: _ The Relationship in Man 
of Cerebral Activity to Blood Flow and to Blood Constituents, A. Researc 
& Ment. Dis., Proc. (1937) 18:277, 1938. 
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psychiatric symptoms were ascribable to disturbances in these factors. The 
electroencephalogram was used as an indicator of altered cerebral 
metabolism. 

The effects of acute cerebral anemia were studied in 30 cases of 
hypersensitive carotid sinus reflex. In 22 cases the patients com- 
plained of episodes of weakness, dizziness, faintness or syncope, and 
in 8 they exhibited symptoms suggestive of focal disease of the central 
nervous system. In all cases the spontaneous symptoms were repro- 
duced by stimulation of the carotid sinus and were accompanied by 
bursts of 3 to 6 per second waves in the electroencephalogram. Block- 
ing the vagal response witli atropine in the first group abolished the 
symptoms and electroencephalographic changes but was without influ- 
ence in the second group. 

Acute cerebral anoxemia was demonstrated in a case of congenital 
heart disease in which any cardioaccelerator stimulus resulted in marked 
tachycardia, dyspnea, cyanosis, faintness, syncope and convulsions. A 
simultaneous electroencephalogram yielded slow, irregular, high poten- 
tial waves during the neurologic reaction produced by slight exertion. 

Four cases of chronic cerebral anoxemia due to markedly impaired 
respiratory exchange in long-standing asthma, bronchitis and emphysema 
are presented. The progressive development of neuropsychiatric signs 
was accompanied by increased slowing and irregularity of the electro- 
encephalogram. 

The effects of disturbed carbohydrate metabolism were studied in 
' 8 cases of Addison’s disease and 5 cases of secondary toxic and deficiency 
factors. In all of these cases the patients showed a variety of neuro- 
psychiatric manifestations, flat sugar tolerance curves, abnormal carbo- 
hydrate appetites and electroencephalographic changes. The last consisted 
of an unusual sensitivity to the effects of hyperventilation which was 
greatly influenced by changes in the level of blood sugar and of spon- 
taneous bursts of abnormally slow waves. All the electroencephalographic 
changes appeared to be modifiable by factors which improved carbo- 
hydrate metabolism, such as adequate replacement therapy in cases of 
Addison’s disease and remission or cure in the other cases. Clinical 
improvement went hand in hand with changes in carbohydrate metabolism 
and in the electroencephalogram. 

The therapeutic implications of these observations are discussed. 

Dr. Hans Strauss, electroencephalographer to the hospital, gave advice and 
aid in the interpretation of the electroencephalograms. 

Cincinnati General Hospital. 

Mount Sinai Hospital. 
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The term “accelerated” arteriosclerosis was first suggested by 
Lohlein ^ to designate those vascular changes which dififerentiated the 
benign from the malignant form of nephrosclerosis. The concept of 
acceleration of the arteriosclerotic process was later supported by 
Klemperer and Otani.- The characteristic arterial alterations which 
they emphasized consisted of cellular proliferation of the intima of the 
larger interlobular and arcuate arteries with associated narrowing of the 
lumen and coexistent necrosis of the arteriolar walls. Since these 
investigators were also able to demonstrate the usual arteriosclerotic 
process of elastica lamellation, intimal fibrosis and arteriolar h3'aliniza- 
tion, they expressed the opinion that the addition of cellular intimal 
proliferations and necrotizing lesions evidenced a more rapid, or 
“accelerated,” development of arteriosclerosis. The acute vascular 
alterations were ascribed to an ischemic mechanism incident to the 
accelerated arteriosclerotic changes in the medium-sized arteries and 
were considered to be degenerative rather than inflammatorj'^ in nature. 

It was also suggested that “accelerated” arteriosclerosis was not 
peculiar to essential hypertension alone but also appeared in renal dis- 
eases other than the primarily vascular variety. It was stated to occur 
notably in chronic diffuse glomerulonephritis, and the view was expressed 
by Klemperer and Otani ^ that in this condition, as in essential hyper- 
tension, the accelerated type of vascular lesion probably was of a similai 
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morphogenesis. The inference further was drawn that in instances of 
chronic diffuse glomerulonephritis in which there was histologic evidence 
of “accelerated” arteriosclerosis a rapid tempo was exhibited clinically 
and therein the condition resembled malignant nephrosclerosis, 

Fishberg ^ had previously called attention to the frequent occurrence 
of severe arteriosclerotic and arteriolonecrotic lesions in cases of chronic 
diffuse glomerulonephritis and expressed the opinion that such lesions 
were the result of hypertension. Kimmelstiel and Wilson ^ also noted 
the presence of “endarteritic” and arteriolonecrotic lesions in patients 
with chronic glomerulonephritis who had had severe hypertension. 
More recently Wagener and Keith “ reported the coexistence of chronic 
diffuse glomerulonephritis and diffuse arteriolar disease and stated : 

At present, the exact relationship between the two pathologic processes is unknown, 
and it is obvious that there is much still to learn regarding the etiology and develop- 
ment of the two conditions. 

Baehr ° and Wilson have similarly alluded to the occurrence of 
advanced “malignant” arterial lesions in patients with chronic nephritis 
who exhibited severe hypertension, while especial emphasis was laid on 
the clinical resemblances of the conditions of these patients to malignant 
nephrosclerosis. The association of chronic diffuse glomerulonephritis 
and a clinical picture of malignant hypertension has been more recently 
reiterated by Derow and Altschule.® 

The common appearance of the s3mdrome of “malignant” hyper- 
tension in cases of chronic diffuse glomerulonephritis has suggested 
that the morphologic substratum of the clinical resemblances may reside 
in the vascular lesions which are common to both morbid processes. 
It is the purpose of this report to present the results of a correlative 
study of this question. 

MATERIAL AND METHOD 

The material studied comprises 49 consecutive cases of chronic diffuse glomeru- 
lonephritis selected over twelve years (Jan. 1, 1927 to July 1, 1938) from a total 
of 5,232 autopsies. Specimens were fixed in a 40 per cent solution of formaldehyde 
U. S. P., Kaiserling I solution or Jores solution. Sections of the kidneys, pancreas, 

3. Fishberg, A. M. ; The Arteriolar Lesions of Glomerulonephritis, Arch Int 
Med. 40:80 (July) 1927. 

4. Kimmelstiel, P., and Wilson, C. : Benign and Malignant Hypertension and 
Nephrosclerosis, Am. J. Path. 12:45, 1936. 

5. Wagener, H. P., and Keith, N. M.: Diffuse Arteriolar Disease with Hyper- 
tension and the Associated Retinal Lesions, Medicine 18:317, 1939. 

6. Baehr, G. : Clinical Pathological Conferences, Mount Sinai Hospital, J. Mt. 
Sinai Hosp. 3:53, 1926; 5:158, 1938. 

7. Wilson, C., cited by Wilson, C., and Pickering, G. W. : Acute Arterial 
Lesions in Rabbits with Experimental Renal Hypertension, Clin. Sc. 3:343 1938. 

8. Derow, H. A., and Altschule, M. O. : The Nature of Malignant' Hyper- 
tension, Ann. Int. Med. 14:1768, 1941. 
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adrenals, testes and myocardium in particular and all other available organs in 
addition were diligently examined. The sections were all embedded in paraffin 
and routinely stained with hematoxylin and eosin. The Weigert elastica-Van Gieson 
combination, the McGregor modification of the Mallory-Heidenhain and Congo red 
stains were used where indicated. 


In order to assure a purely objective evaluation of the histologic material, the 
study of the clinical aspects of the cases was postponed until the interpretation of 
morphologic data had been formulated. On the basis of the vascular picture a 
designation of either “slowly progressive” or “accelerated” type of arteriosclerosis 
was made. The criteria employed for the designation “advanced accelerated” form 
was extreme narrowing of the interlobular arteries produced by cellular intimal 
proliferation associated with necrosis of arterioles. In those instances of the acceler- 
ated type in which cellular intimal arterial proliferations were observed but 
arteriolonecrosis was absent the condition was termed “transitional.” In the slowly 
progressive disease the changes included intimal thickening, fatty change, elastosis 
and arteriolar hyalinization. 

A review of the clinical records was then made entirely separately. In each 
case the condition was similarly designated slowly progressive or accelerated 
("malignant”) on the basis of the height of hypertension and the presence or 
absence of neuroretinopathy. The anatomic and clinical data were then assembled 
and correlated (table 1). 

A preliminary study was made not only of routine cases of acute and subacute 
diffuse glomerulonephritis but of various types of inflammatory processes, in order 
to ascertain the relation of inflammation to the vascular tree and to compare the 
arteriopathies with those observed in cases of the ‘chronic phase of glomerulo- 


nephritis. 

Deserving of special mention are the occasional cases in which differentiation 
between chronic diffuse glomerulonephritis and malignant nephrosclerosis was diffi- 
cult due to widespread arterial changes. The extent of damage to the glomerular 
tufts and parenchyma and the age of the process constituted the basis for the final 
diagnosis. Wherever extensive active glomerular damage, replacement fibrosis and 
atrophy were observed, it was assumed that we were dealing with primary inflam- 


matory glomerular disease. This belief was fortified by examining contracted 
benignly nephrosclerotic kidneys. In these, despite widespread vascular and 
glomerular involvement, the glomerular tufts still disclosed comparatively lesser 
changes than those in the nephritic group, while inflammatory lesions were absent. 
In cases of the malignant variety of essential hypertension active degenerative, 
inflammatory and proliferative glomerular lesions were observed, but tiiese were 
usually isolated. To be sure, fibrotic loops or tufts were also encountered in cases 
of malignant nephrosclerosis, but these were of a more patchy character than those 
observed in cases of chronic diffuse glomerulonephritis. Criticism may be applied 
by the reader on the assumption that instances of malignant nephrosclerosis haie 
been inadvertently included in our accelerated group. This possibility has been 
assiduously considered but, we believe, completely eliminated. All cases included 
in this study were considered to be unequivocal examples of diffuse glomeru o 


nephritis. 


REPORTS OF THREE ILLUSTRATIVE CASES 


SLOWLY PROGRESSIVE TYPE 

Case 9. — S. G., a white female aged 44, entered Mount Sinai Hospital because 
of increasing weakness and malaise of three years’ duration. Fourteen years pre 
viously she had had a spontaneous abortion. She had been well until the ons 
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* The following- figures have been employed with reference to the condition of the eyegrounds; 0, normal optic disks; 1, blurring of disk margins, and 2, 
measurable swelling of the nerve heads. Elsewhere in the table 0 signifies normal condition of an organ. 
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of her present complaints, when hypertension and albuminuria were first discovered. 
Postexertional dyspnea and palpitation soon became evident, while one year prior 
to her admission to the hospital she had begun to lose weight and to complain of 
generalized aches and pains. At that time she was examined in the outpatient 
department, where moderate albuminuria, inability to concentrate the urine above 
1.010, a S3^stolic blood pressure of 180 mm. of mercury, a diastolic pressure of 
106 mm., a hemoglobin concentration of 54 per cent and a blood urea nitrogen 
content of 76 mg. per hundred cubic centimeters were observed. Two nights before 
hospitalization she had a bout of hemoptysis. 

Physical Examination. — The patient was pallid and lethargic and her breath had 
a uriniferous odor. Examination of the fundi re^'^ealed tortuous arteries; the optic 
disks showed no abnormalities. Numerous coarse rales were audible over the 
entire lower lobe of the right lung, and occasional rales were heard over the right 
side of the chest anteriorly. A s 3 -stolic murmur was audible at the base of the 
heart, coarse over the pulmonic area and transmitted into the neck. The second 
aortic sound was greater than the second pulmonic sound. The cardiac rhythm 
was regular, with a rate of 100 per minute. There was no peripheral edema. The 
radial arteries were moderately sclerotic. The blood pressure was 175 systolic and 
100 diastolic measured in millimeters of mercur 3 ^ 

Laboratory Data. — The hemoglobin concentration was 52 per cent (Sahli) ; the 
red cells numbered 2,850,000, and the white cells, 6,000 per cubic millimeter, with 
71 per cent polymorphonuclear leukocytes. The Wassermann reaction of the blood 
was negative. A teleroentgenogram disclosed moderate enlargement of the heart 
both to the right and to the left. An electrocardiogram revealed low voltage and 
a tendency to left axis deviation. Urinalysis revealed a specific gravity varying 
between 1.008 and 1.014 and a positive reaction for albumin (2 plus), and occa- 
sional erythrocytes and casts were seen in the urinary sediment. The blood 
contained per hundred cubic centimeters an average of 120 mg. of urea nitrogen, 
290 mg. of cholesterol, 8.0 mg. of creatinine and 525 mg. of chlorides. The carbon 
dioxide-combining power was 41 volumes per cent. 

Course of Illness. — Despite the administration of intravenous fluids and sup- 
portive therap 3 % the patient died two weeks after her admission. 

Necropsy. — The diagnoses included chronic diffuse glomerulonephritis with 
moderate contraction of the kidneys, h 3 ’^pertroph 3 ' and dilatation of the heart, earl 3 " 
fibrinous pericarditis and pulmonary and cerebral edema. On gross examination 
the kidne 3 's weighed ISO Gm. together and were normal in shape and moderately 
firm. The capsules were stripped with difficulty and revealed a finely granular sur- 
face with scattered hemorrhagic foci. The cut surfaces showed a pale brownish 
red, narrowed cortex through which irregular grayish 3 'ellow streaks were scat- 
tered. The corticomedullar 3 ^ demarcation was indistinct. The renal vasculature 
showed no significant gross abnormalities. The pelves and ureters and the urinary 
bladder presented no changes. Microscopic examination of the kidneys revealed 
widespread glomerular fibrosis, frequent adherence to the capsular epithelium and 
severe atroph 3 ' of the glomerular tufts. Glomerular ischemia was striking. Focal 
epithelial proliferation and an occasional increase in polymorphonuclear leukocytes 
were noted. The interstitial connective tissue was markedhy increased. The 
vascular tree revealed slight to moderate elastic reduplication of the medium-size 
or larger arteries with associated intimal thickening and narrowing of the lumens. 
There was moderate arteriolar thickening and earh' h 3 yalinization. The tubu es 
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were frequently dilated and contained granular and hyaline material, epithelial 
cells and leukoc 3 des. The tubular cytoplasm was often granular, and a fair number 
of nuclei disclosed degenerative phenomena. 

ACCELERATED TYPE 

Transitional Form.— C as^ 21.— S. L., a 41 year old housewife with known renal 
disease of twenty-two j'ears’ duration, entered Mount Sinai Hospital in the service 
of Dr. George Baelir on March 27, 1933 with a historj’’ of vomiting, weakness and 
pallor of two months’ duration. She also complained of palpitation, urinary fre- 
quency and visual disturbances. Five days previously, a sore throat had developed 
and she had experienced considerable difficulty in swallowing. At this time her 
physician found enormously swollen tonsillar pillars. Three daj's later she expec- 
torated small amounts of blood. On the dajr of hospitalization she again visited 
her physician, who discovered marked drowsiness and muscular twitchings. Her 
blood pressure was then 220 systolic and 120 diastolic, measured in millimeters 
of mercurJ^ AVhile she was in the physician’s office she had a convulsion and then 
lapsed into coma. Phlebotomy reduced her blood pressure to 160 mm. of mercury 
systolic and 100 mm. diastolic. 

Physical Examination ; The patient was moribund, and her breath had a 
uriniferous odor. Examination of the fundi revealed the margins of the optic 
disks to be sharp ; the vessels were greatly narrowed and irregular, and few hemor- 
rhages and some exudate were present. The heart was conspicuously enlarged. 
The cardiac rhythm was wholly irregular. The ventricular rate was 160 and the 
pulse rate 132 per minute. The second aortic sound was greater than the second 
pulmonic sound. The edge of the liver was palpable 2 fingerbreadths below the 
costal margin. Slight edema of the lower extremities was present. The blood 
pressure was now 180 mm. of mercury sj'stolic and 120 mm. diastolic. 

Laboratorj' Data: The hemoglobin concentration was 55 per cent (Sahli), 
and the white cell count, 9,100 per cubic millimeter, with 95 per cent polymorpho- 
nuclear leukoC}'tes. Urinalysis revealed a specific gravity of 1.008 and a positive 
reaction for albumin (3 plus), and occasional red cells and frequent Avhite cells 
were seen in the sediment. The blood contained 145 mg. of nitrogen and 170 mg. 
of sugar per hundred cubic centimeters. The carbon dioxide-combining power was 
26.5 volumes per cent. 

Course of Illness : The patient suffered a convulsion shortty after admission. 
Accordingly, a lumbar tap was performed, which showed a slightly increased spinal 
fluid pressure. The tap .was soon followed by another convulsion and death. 

Necropsy; The diagnoses included chronic diffuse glomerulonephritis with 
moderate contraction of the kidneys, hypertrophy and dilatation of all chambers of 
the heart, acute fibrinous pericarditis, pulmonary edema, chronic passive congestion 
of the lungs and the liver and bronchopneumonia of the lower lobes of the lungs. 
Death was attributed to the association of renal and of cardiac failure. On gross 
examination the kidneys were small ; the right one weighed 85 Gm., and the left one, 
100 Gm. The capsules were stripped with considerable difficulty, leaving a pale 
gray, finely granular surface. The granules were pinhead to split pea in size, and 
the intervening tissue was smooth and slightly depressed. On section the cortex 
W'as diminished in width, and the basic markings were absent; the corticomedullary 
demarcation was indistinct. Microscopic examination of the kidneys revealed wide- 
spread partial to complete replacement fibrosis, atrophy and focal and confluent 
hyalinization of the malpighian bodies. A fair number were conspicuously enlarged, 
contained increased numbers of epithelial and endothelial cells and were irregularly 
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adherent to the capsular epithelium. The interstitium was irregularly increased 
and was the site of small round cells, plasma cells and fibroblasts. There was a 
moderate degree of collar-like alteration around the bodies; their lumens were 
commonly distorted, occasionally dilated and showing cellular multiplication, but 
more frequently compressed with cellular atrophy. The lumens contained epithelial, 
red and rarely white cells and albuminous and hyaline material. Peritubular 
hyalinization and marked capillary engorgement were noted. There was also evi- 
dence of associated acute and subacute pyelonephritis. Cellular and edematous 
thickening of the larger, medium-sized and smaller interlobular arteries with occa- 
sional severe narrowing of the lumens was striking. Scattered mural calcification 
of the medium-sized arteries was noted. Occasional medial hypertrophj', hyaliniza- 
tion of the arteriolar walls and fibrotic intimal thickening of the larger arteries 
were also encountered. No necrotic vascular lesions were present. 

Advanced Form . — Case 33 . — First Admission : R. K., a 27 3'ear old Hungarian 
clerk, had been well until six j'ears prior to his admission to Mount Sinai Hospital 
in the service of Dr. B. S. Oppenheimer on May 11, 1931, when he first noticed 
edema of both legs. He was then hospitalized at another institution, where a 
diagnosis of acute diffuse glomerular nephritis was made. At that time the blood 
contained 20 mg. of urea nitrogen per hundred cubic centimeters. He was dis- 
charged improved after sixteen days and remained asymptomatic for six years. 
Four weeks before his admission to Mount Sinai Hospital, his ankles and legs 
again began to swell and he complained of marked weakness and oliguria. Six 
days previously he had noted hematuria. 

Ph3'-sical examination; The patient had a pasty complexion and a puffy face. 
The optic nerve heads were of good color; the margins vvere slightly serrated. The 
retinal arteries showed a high light reflex and evidence of perivasculitis. The neck 
veins were full. Dulness was elicited at the bases of both lungs. There was no 
clinical evidence of cardiac enlargement or no cardiac murmurs. The second pul- 
monic sound was greater than the second aortic sound. A fluid wave was elicited 
in the abdomen, and pitting edema was present over the ankles and the trunk. 
The blood pressure was 200 systolic and 110 diastolic, measured in millimeters 
of mercury. 

Laborator3'- data: The hemoglobin concentration was 65 per cent (Sahli). The 
white cells numbered 6,400 per cubic millimeter, with 80 per cent polymorpho- 
nuclear leukocytes. Urinal3'sis revealed a specific gravity not exceeding 1.012 and a 
positive reaction for albumin (4 plus) ; many erythrocytes and occasional casts 
were seen in the sediment. The result of the Esbach determination was 7 Gm. 
daily. The blood contained per hundred cubic centimeters 66 mg. of urea n;trogen, 
270 mg. of cholesterol, 7.2 mg. of calcium, 3.7 mg. of phosphorus and 4.1 Gm. o 
total protein, with 2.3 Gm. of albumin and 1.8 Gm. of globulin. 1 he carbon dioxi e 
combining power was 41 volumes per cent. An electrocardiogram showed changes 
suggestive of left ventricular preponderance; a teleroentgenogram showed an 
enlarged heart. The diagnosis was chronic diffuse glomerulonephritis in an ear 3 

nephrotic phase. . . 

Course of illness: The patient was treated with dietary means and injections 
of mercurials. He was discharged six weeks after this admission, at whic 1 im 
the urea nitrogen in the blood had fallen to 38 mg. per hundred cubic centime er 
Er3’’throcytes were no longer seen in the urinary sediment, and the resu t 0 
Esbach determination fell to 2 Gm. for twenty-four hours. The edema o t le an 

was then minimal. , 1 . 1 o„cp 

Second Admission: The patient was readmitted seven months later bee 

of blurred vision, headaches, expectoration of rusty sputum, vomiting an 
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20 pounds (9 Kg.) in weight. Two months prior to readmission he was seen at 
the follow-up clinic, where blurring of the margins of the optic disks was noted. 
Evidence of moderate cardiac failure was present. His blood pressure at that time 
was 170 systolic and 110 diastolic, measured in millimeters of mercury. On 
admission to the hospital his blood pressure was 230 systolic and 120 diastolic. The 
optic nerve heads were now edematous, and their margins, blurred and hyperemic. 
The retinal arteries w'ere thin and of irregular caliber. A large amount of exudate 
was present. There were a star-shaped figure at the macula and zones of fibrinous 
exudate about the nerve heads. Auscultation of the chest disclosed a gallop cardiac 
rhythm and rales throughout the lungs. There was slight pretibial edema. 

Laboratory data: The urine concentration test showed a maximum concentra- 
tion to 1.012. The reaction for albumin was positive (2 plus). Neither casts nor 
erythrocytes were found in the sediment. The blood contained per hundred cubic 
centimeters 57 mg. of urea nitrogen, 4 mg. of creatinine, 7.4 mg. of calcium, 4.4 mg. 
of phosphorus, 340 mg. of cholesterol and 5.5 Gm. of total protein. An electro- 
cardiogram again showed deviation of the electrical axis to the left, and the T 
wave in lead II was partially inverted. A teleroentgenogram revealed evidence 
of dilatation of both ventricles. The patient remained in the hospital for seven 
days, with little change in his condition, and left the hospital against advice. 

Third Admission : Two months later the patient again sought admission because 
of severe epistaxis. The previous S 3 TOptoms had become progressively worse. 

Physical examination: The optic nerve heads and margins of the optic disks 
were obscured. There was slight peripapillary edema (1 D.). The edge of the 
liver was palpable at the level of the umbilicus, and both legs were edematous. 
The blood pressure was 216 systolic and 152 diastolic, measured in millimeters of 
mercury. 

Laboratory data: The specific gravity of the urine was 1.010. Albuminuria 
and cylindruria were present. 

Course of illness: The blood contained 68 mg. of urea nitrogen per hundred 
cubic centimeters, but the level rose progressively in ten days to 120 mg. per 
hundred cubic centimeters. The daily urinary output fell to 300 cc. Treatment 
of cardiac failure was of no avail, and the patient died with the typical manifesta- 
tions of uremia (urea frost, muscular twitchings and a pericardial friction rub). 

Necropsy: The diagnoses included chronic diffuse glomerulonephritis with 
vascular necrosis, marked fibrinous pericarditis, hypertrophy and dilatation of left 
cardiac and right ventricular chambers, coronary arteriosclerosis with moderate 
narrowing of the lumens, chronic passive congestion of all viscera and anasarca. 
Death was due to the association of renal and of cardiac failure. On gross 
examination each kidney weighed 110 Gm. and was firm in consistency. The 
capsules stripped with moderate ease, revealing a diffusely granular, reddish 
gray surface with scattered, discrete, pinhead-sized hemorrhages. The granules 
varied from 1 to 2 mm. in diameter and were enclosed by depressed reddish graj^ 
zones. The sectioned surfaces disclosed sharp corticomedullary delineation. The 
pelves and ureters and the urinary bladder were the seat of a few submucosal 
hemorrhages. On histologic examination there was a paucity of glomeruli. The 
majority showed various stages of fibrosis, atrophy and hyalinization, while scat- 
tered tufts revealed increased cellularity with predominant epithelial cell proliferation 
and here and there hyperplasia of the capsular epithelium with suggestive early 
crescent formation. Adhesion between the tufts and capsule, interstitial fibrosis 
with conspicuous infiltration with lymphocytes and scattered foci of hemorrhage 
were noted. The tubular epithelium showed degenerative alterations, including fatty 
change, nuclear pyknosis and irregularly alternating dilatation and compression of 
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the lumens. The lumens frequently contained abundant numbers of erythrocytes, 
eosinophilic debris and desquamated epithelial cells. In addition to intimal fibrosis, 
elastosis and arteriohyalinization, there were cellular and edematous intimal thicken- 
ing of the medium-sized arteries, fatty change, “hyaline” thrombi of arterioles, 
scattered arteriolonecrosis and impregnation of their walls with erythrocytes. Of the 
other organs only the pancreas and adrenals showed any significant vascular altera- 
tions. These consisted of “foamy” and cellular intimal thickening with associated 
narrowing of the lumen, arteriohyalinization of the pancreatic arteries and hyaline 
intimal degeneration of scattered adrenal arterioles. 

CLINICAL FINDINGS (Table 1) 

A preponderant number of males were affected in the advanced 
accelerated group, while the remaining groups showed no significant 
sex variations. The age range extended from 2 to 60 years. The 
average duration of the clinical picture of glomerulonephritis was 
approximately similar in all groups, although the exact onset of the 

Table 2. — Range of Blood Pressure in Forty-Nine Cases of Chronic 
Diffuse Glomerulonephriiis 



Systolic Pressure 

Diastolic Pressure 

A 

Type of Arteriosclerosis 

2C0 Aim. Hg BelOiV 

or Over, 160 Mm. Hg 
% % 

120 Mm. Hg 
or Over, 

% 

100 Mm. Hg 
or Over, 

% 

Sloviy progressive 

Accelerated 


SO 

0 

SC 

Transitional 


16 

3S 

84 

Advanced 

73 

4 (1 case) 70 

91 


disease in several instances could not be accurately ascertained. How- 
ever, with the appearance of severe hypertension the course of a patient s 
illness was more rapidly terminated. 

Albumin, erythrocytes, all forms of casts and leukocytes in varying 
numbers were present in the urine in all cases. No correlation could be 
established between either the severity or the tempo of the clinical 
course and the character of the urinary sediment. Poor variability of 
the specific gravity of the urine and azotemia were found to be common 
to all cases. In the' greater number death was attributable to uremia 
alone, while in some cases the association either of cardiac failure, an 
intercurrent infection or a surgical procedure was considered to be a 
responsible factor. Cardiac failure was found to be a more fiequent 
complication in the accelerated group. In those cases in which definite 
cardiac insufficiency Avas present, it was believed to have either pie 
cipitated or intensified the uremic manifestations through the mechanism 

of prerenal fluid deviation. _ _ 

The blood pressure in the three groups exhibited striking di erenc 
(tables 1 and 2). The systolic blood pressure in the slowly progressive 
group usually A^aried between 100 and 180 mm. of mercut}- 
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instance it Avas found to be 210 niiii. In 80 per cent of the cases, how- 
ever, it was below 160 mm. The diastolic blood pressure ranged between 
60 and 104 mm., while in only 2 cases did it exceed 100 mm. It is 
worthy of emphasis that the blood pressure in 5 instances was normal 
despite the absence of cardiac failure. Similar observations of normal 
blood pressure in patients with glomerulonephritis have been reported 
by Jores “ and others.^” 

In contrast to the systolic, blood pressure in the slowly progressive 
group, that in the advanced accelerated group varied between 150 and 
246 mm. of mercury. In 73 per cent of cases the systolic blood pressure 
was 200 mm. or higher, while in only 1 case was it below 160 mm. 
The diastolic blood pressure level in 91 per cent had been 100 mm. of 
mercuiy or higher, and in 70 per cent it had reached 120 mm. or more. 
In the transitional group the systolic blood pressure varied between 
140 and 280 mm. of mercury. In 54 per cent of cases the systolic blood 
pressure had exceeded 200 mm. In 2 cases it was below 160 mm. ; the 
patient in 1 case was a boy aged 13 and in the other an infant aged 2. 
In 84 per cent of the cases in the transitional group the diastolic blood 
pressure reached 100 mm. of mercury or over and in 38 per cent it was 
120 mm. of mercury or higher. Thus a striking association of severe 
vascular lesions with marked hypertension was noted to exist. 

The fundus oculi both in the advanced accelerated and in the trans- 
itional group showed conspicuous differences from that in the cases of 
slowly progressive disease, although narrow vessels and ones of irregular 
caliber, arteriovenous compression and retinal exudates were common 
to all cases included in this study. The optic disks were noimial in every 
case in the slowly progressive group, while neuroretinopathy was 
observed in 96 per cent of the cases in the advanced accelerated group 
(tables 1 and 3). Papilledema was likewise noted in 62 per cent of 
the cases in the transitional group. It is significant that whereas normal 
optic disks were visualized in 3 cases during earlier periods of hospital- 
ization, papilledema was seen to have appeared in the same cases during 
subsequent observations. In 2 other cases atrophy had replaced edema 
of the nerve head. Peripapillary retinal edema was present in 14 
instances. In 1 case the optic disk of one eye was normal, while the 
other showed definite swelling, presumably consequent to unilateral 
vascular involvement. Detachment of the retina secondary to the under- 
lying edema had occurred in 2 patients, while reattachment was observed 

9. Jores, L. ; Ueber die Beziehungen der Schrumpfnieren zur Herzhypertrophie 
von pathologische Standpunkt, Deutsches Arch. f. klin. Med. 94:1, 1908. 

10. Foster, N. B.: The Relations of Hypertension to Cardiorenal Diseases, 
Am. J. M. Sc. 164:808, 1922. Bannick, E. G.; Severe Chronic Glomerular 
Nephritis Without Hypertension, Cardiac Hypertrophy or Retinal Changes : Report 
of Two Cases, Arch. Int. Med. 39:741 (May) 1927. 
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to have taken place in 1. In only 4 instances in the advanced accelerated 
and transitional groups were the optic nerve heads considered to be 
normal in appearance — 1 in the former and 3 in the latter. In 3 cases 
the fundi were not described. 

The color of the disks was definitely recorded' in 13 of the 32 cases 
in which neuroretinopathy had been present. In 8 hyperemia of the 
disk was observed, while in 5 the nerve heads were pale. Thus,' in our 
cases hyperemia of the disk was noted with greater frequency than was 
pallor. 

These data are somewhat at variance with those reported by Keith 
and his co-workers,^^ who stressed pallor as characteristic of the disk 
in patients with glomerulonephritis and held this in contrast to hyper- 
emia of the disk occurring in cases of malignant nephrosclerosis. They 
expressed the belief, in addition, that sclerosis of the retinal arterioles 
wms absent in cases of chronic diffuse glomerulonephritis. In our series, 
however, retinal arteriosclerosis had been obser^^ed in almost every case. 

Table 3. — Incidence of Neuroreiinopathy in Forty-Nine Cases of Chronic 

Diffuse Glomerulonephritis 


Type of Arteriosclerosis 

Slowly progressive 

Accelerated 

Transitional 

Advanced 


Percentage of Cases 

0 

G2 

96 


A similar experience had been previously stated by Cannady and 

0’Hare."2 


FACTORS CONCERNED IN OCCURRENCE OF 
OCULAR LESIONS 

It appeared in this study that when severe hypertension had become 
definitely established, advanced neuroretinopathy either w^as coexistent 
or was soon to follow and, further, that it indicated the probable 
existence of accelerated visceral vascular lesions. The belief that the 
neuroretinopathic changes were the sequel of long-standing severe h 3 ^per- 
tension "v^^as substantiated further by their absence in the slowly progres- 
sive group and their development in those instances in wdiich there 
had been a pronounced elevation of blood pressure. Moschcowitz 
long ago intimated that such retinopathy is secondary to arterial lesions, 
which themselves represent the effects of a preexistent hypertension. 

11. Keith, N. M. ; Wagener, H. P., and Kernohan, J. W.: The Syndrome of 

Malignant Hypertension, Arch. Int. Med. 41:141 (Feb.) 1928. tj f- i 

12. Cannady, E. W., and O’Hare, J. P.: A Critical Survey of the Retina 

Lesions in Chronic Glomerular Nephritis, J. A. M. A. 103:6 (July ‘ , j- a 

13. Moschcowitz, E. : Hypertension with Minimal Renal Lesions, J. A. M. 
77:1095 (Oct. 1) 1921. 
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The studies reported by Cannady and O’Hare lend support to this 
belief. In the series of cases of chronic diffuse glomerulonephritis which 
they investigated, severe retinal lesions were noted in 25 of 32 cases. 
Hypertension was found to precede the appearance of retinal arteriolar 
change in 13 of the 17 cases in which these authors had observed the 
disease since its early stages. It is noteworthy that in 2 of their cases 
in which retinal lesions were absent hypertension was also not present. 

The parallelism which existed between extreme hypertension and 
neuroretinitis in cases of chronic diffuse glomerulonephritis was fully 
recognized by Fishberg and Oppenheimer.^^ Of 45 patients with chronic 
diffuse glomerulonephritis, 17 exhibited neuroretinitis, and ‘'all of these 
patients gave evidence of either present or past hypertension.” After 
reviewing the evidence, Fishberg subsequently concluded '. “Hyper- 
tensive neuroretinopathy appears to be of the same pathogenesis in both 
essential hypertension and glomerulonephritis.” 

In view of the presence of azotemia in the cases presented here, such 
a fact may be judged erroneously to play a contributory role in the 
appearance of the neuroretinopathic picture. Several studies, however, 
deny importance to this contention. Behan recorded the presence of 
neuroretinitis in patients with hypertension in whom evidence of renal 
impairment was absent. The observations of Benedict and others 
of the absence of azotemia in patients who exhibited neuroretinitis 
similarly militate against the assumption that azotemia is in any way 
responsible for the appearance of this picture. Of interest in this con- 
nection is the fact that uremia due to various causes may be present for 
long periods without the coexistence of retinal lesions. These views 
are firmly borne out by the absence of neuroretinitis in our cases of 
slowly progressive arteriosclerosis despite the existence of long-standing 
azotemia. 

An additional point worthy of comment is the possible differential 
diagnostic value of neuroretinopathy in instances of hypertension. 
Keith, Wagener and Kernohan^^ originally averred that a clinical dif- 
ferentiation between chronic diffuse glomerulonephritis and malignant 

14. Fishberg, A. M., and Oppenheimer, B. S. : The Differentiation and Signifi- 
cance of Certain Ophthalmoscopic Pictures in Hypertensive Diseases, Arch. Int. 
Med. 46:901 (Dec.) 1930. 

15. Fishberg, A. M, : Hypertension and Nephritis, ed. 4, Philadelphia, Lea & 
Febiger, 1939. 

16. Behan, J. L. : The Fundu§ Changes in Nephritis, J. A. M A 78 •1691 
dune 3) 1922. 

17. Benedict, W. L. : Retinitis Associated with Disease of the Cardiovascular 
System, New York M. J. 117:741, 1923. 

18. (a) Volhard, F.: Ueber die Retinitis Albuminurica, Verhandl. d. deutsch 

Gesellsch. f. inn. Med. 33:422, 1921. (b) Wagener, H. P., and Keith, N. M. : Cases 
of Marked Hypertension, Adequate Renal Function and Neuroretinitis Arch Tnt 
Med. 34:374 (Sept.) 1924. (c) Fishberg.^ ’ ‘ 
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hypertensive vascular disease might be made ophthalmoscopically on 
the basis of the color of the disk, the presence of arteriosclerosis, the 
extent of retinal edema and types of’ exudate. However, the criteria 
proposed by these authors were not applicable in many of our cases. 
Furthermore, the malignant neuroretinopathic picture has been found 
to exist not in these entities alone but in other diseases in which severe 
hypertension supervenes. Longcope,^® for example, has observed a 
striking relation between arteriolar lesions of the fundus — “hemorrhagic 
retinitis” — and hypertension in instances of pyelonephritis. Moreover, 
the occurrence of neuroretinitis in cases of neoplasm of an adrenal, 
polyarteritis nodosa, polycystic kidneys and even renal amyloidosis in 
which severe hypertension supervenes is well known. Accordingly, the 
supposed differential diagnostic importance of the retinal findings would 
appear to be nullified. Cannad)'- and O’Hare,^- Baehr ° and Fishberg 
haA'^e similarly negated the possibility of dilterentiation in most cases 
of hypertension on the basis of the ophthalmoscopic picture alone. 

It is worthy of reemphasis that the neuroretinopathy of hypertensive 
patients is in no way induced by the azotemia but is rather the expres- 
sion of an increased intracranial pressure or is incident to the occur- 
rence of ocular vascular lesions and should be viewed as evidence of 
the accelerated or malignant phase of h3^pertension no matter what its 
basic cause might be. It appears more accurate, then, to refer to the 
full development of this clinical picture in which severe hyperfension 
and papilledema exist as the syndrome of “malignant hypertension” 
possibly associated with accelerated arteriosclerosis, and the presence of 
all disease entities Avhich are capable of producing this clinical picture 
should be duly suspected, 

PATHOLOGIC VASCULAR CHANGES 

The vascular pictures of the three groups presented striking histo- 
logic differences. 

Slowly Progressive, or "Negative,” Type. — The vascular lesions in 
the first group consisted of slight to occasionally severe intimal thickening 
of the interlobular arteries with associated narrowing of their lumens. 
The thickening Avas callus in type, with only here and there a fibroblast 
or tAvo. The focal cellular change Avas noted only Avithin the intima of the 
larger arteries and because of its sparsity Avas believed to convey no 
significance. Kimmelstiel and Wilson * considered limited cellulai pi o 

19. Longcope, W. T.: Chronic Bilateral Pyelonephritis: Its Origin and Its 
Association with Hypertension, Ann. Irit. Med. 11:149, 1937, 

20. Kessler, M. M. ; Moschcowitz, E., and Savitsky, L. : The Hematoencephalic 
Barrier: The Study of the Clinical Aspects and the Mechanism of the Dewlop- 
ment of Hypertension of the Cerebrospinal Fluid in Hypertensive Disease, J. crA. 
& Ment. Dis. 90:594, 1939. Fishberg.^® 
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liferations of this variety to be related to a severe degree of renal con- 
traction. Fat deposition was noted often within the intimal layer, but 
hypertrophy of the medial layer was only occasionally encountered. 
In sections showing fibrous intimal thickening of any considerable degree 
medial atrophy was invariably associated. 

In the main, the larger arteries showed slight to moderate hyper- 
plasia of the internal elastic membrane and frequent fibrillar disruption, 
while the arterioles, including the vasa afPerentia, revealed hyalinized 
walls and fatty change with concomitant encroachment on the lumen. 
In a few cases the vascular tree disclosed minimal lesions (table 1). 










Fig. 1. — Photomicrograph ( X 77) of an interlobular artery showing cellular pro- 
liferation and the looseness of the intimal layer. 

Accelerated Type . — Transitional Form : This group comprises those 
instances in which cellular proliferation within the intimal layers of the 
interlobular arteries was disclosed, in addition to the alterations just 
outlined (fig. 1). The intimal cells were of the type noted by Klemperer 
and Otani,2 i. e., “fibroblasts, which often show a reticulated arrange- 
ment, and mononuclear cells with a large amount of fat (foam cells).” 
Occasionally, an abundant cellular and delicate fibrillar proliferation was 
found in the intima of the larger arteries, with associated narrowing of 
the lumen (figs. 2 and 3). Scattered mural foci of calcification were 
present occasionally, in the smaller branches. No case in which arteriolo- 
necrosis was present was included in this group. 








Fig. 3. — Photomicrograph (x 106) of a larger artery than those in figures 1 
and 2, showing cellularity of the intima associated with conspicuous delicate fibn ar 


transformation. 
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The term transitional is purely arbitrary and has been chosen to 
designate those instances which we believe represent the anatornic 
transformation from the slowly progressive to the most advanced malig- 
nant (accelerated) phase of the disease. These cases were also 
designated thus to stress the interesting and important fact that a clinical 
picture of malignant disease may be observed in subjects who merely 
present conspicuous cellular intimal proliferations and no arteriolonecrotic 
lesions. Moreover, such a grouping serves to indicate that the intimal 
cellularity, edema arid associated encroachment on the lumen are the 
precursors of the necrotic arteriolar alterations. 



Fig. 4. — Photomicrograph (X 335) of interlobular arteries exhibiting an “onion 
peel” type of cellular proliferation of the intima with severe encroachment of the 
lumen. Note the looseness of the intima in the smaller artery. 


Advanced Form: Arterial sections disclosed changes which were 
described both for the negative and for the transitional group. In the 
cases in the advanced group, however, even more prominent cellular 
proliferation was exhibited than was encountered in cases of the transi- 
tional phase, with more severe encroachment on the lumen. Frequently 
the cellular proliferations of the medium-sized and larger arteries were 
"nodular” in type, often concentric with uniform thickening of the wall 
of the vessel (fig. 4). Occasionally, due to the intimal edema and 
cellularity, the lumen was virtually occluded, while here and there com- 
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plete obliteration of the lumen had taken place. The cellularity of the 
intima was not confined to the interlobular arteries but was observed 
to have involved the walls of the arterioles and often of the arcuate 



Fig 5 — Photomicrograph (X 400) of arterioles presenting extensive necrosis 
and impregnation of the wall with erythrocytes. 

vessels. A necrotizing arteritis similar to the type seen in the more 
acute form of the disease was observed in 1 case. 
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We were not impressed with any peiivascular cellular collections 
which might be ascribed to the intimal alterations. If a perivascular 
infiltration was present, it was usually in those cases in which the 
inflammatory changes throughout the kidney were prominent. Con- 
sequently, such interstitial cellular reactions were ascribed to the basic 
generalized inflammatory renal involvement rather than to the presence 
of vascular abnormalities. 

The arterioles and frequently the distal portions of the interlobular 
arteries were the seat of “fibrinoid” intimal transformations, diffusion 
of blood elements, mural necrosis, cellular degeneration and partial. to 



Fig. 6. — Photomicrograph (x 480) of a small interlobular artery showing wide- 
spread necrosis of the wall and associated diffusion of erytlrrocytes. 


complete occlusive thromboses of their lumens (figs. 5 and 6). Arteriolar 
necrosis and rarely focal intimal necrosis of the smaller interlobular 
arteries were encountered in all cases which comprise this group. 
A periarteriolar polymorphonuclear reaction was seen only rarely. 
Occasionally, where the preglomerular portion of the vas afferens had 
become necrotic, extension of this process into the intraglomerular 
portion was observed. Here and there focal endothelial proliferation 
of various-sized arteries was also present. Rarely, fibrotic thickening of 
the walls of large veins was encountered, and in 2 instances, organizing 
venous thrombosis. In 1 case a so-called periarterial “granuloma” was 
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found consisting of newly formed capillaries, edematous connective tissue 
and infiltrating tymphocytes and polymorphonuclear leukocytes. 

The lesions of the remaining structural units of the kidneys are too 
well known to be discussed here. It is worthy of mention, however, 
that in the accelerated group scattered areas of glomerular tuft necrosis 
%vere seen which were indistinguishable from those glomerular alterations 
that occur in the malignant phase of essential hypertension. Frequent 
intraluminal tubular collections of polymorphonuclear leukocytes were 
observed. In an occasional case low'^ grade pyelonephritis was in evidence 
microscopically but was not considered to have contributed significantly 
to the renal alterations. The presence of polymorphonuclear leukocytes 
within the tubular lumen may be attributed not only to glome^rular 
inflammation and coexistent p)''elonephritis but to the internal hydro- 
nephrosis secondary to renal fibrosis. The analysis of our cases on the 
basis of the pathologic findings suggested the classification employed 
in table 4. 

Table 4. — Incidence of the Various Types of Arterial Change in Forty-Ninc 
Cases of Chronic Diffuse Glomerulonephritis 


Xumtior of Percentage of 


Type of Arterial Change Oases . Cases 

Slowly progressive arteriosclerosis 14 28.5 

Accelerated arteriosclerosis 

Transitional phase 13 20.5 

Advanced phase 22 45.0 


DISTRIBUTION OF THE ARTERIAL LESIONS 

Although the arterial lesions occurred more often and were most 
conspicuous within the kidney, they were not confined to that organ 
but presented a generalized distribution similar to that described by 
Fishberg.^^ The extrarenal vascular alterations in all groups consisted 
mainly of slight to moderate intimal thickening, elastosis and scattered 
foci of hyalinization. 

Arterial lesions characteristic of accelerated arteriosclerosis in organs 
other than the kidneys were encountered less frequently. Scattered 
medium-sized arteries of the pancreas not uncommonly showed asyrn- 
metric intimal proliferations, foam cells and edema. Arteriolonecrosis 
was found in only 6 cases in extrarenal locations. In 2 instances 
arteriolar necrosis and a reactive potymorphonuclear infiltrate were 
encountered within the pancreas, while in 2 cases focal pancreatitis and 

21. Fishberg, A. M. : Anatomic Findings in Essential Hypertension, Arch. Int. 
Med. 35:650 (May) 1925; footnote 3. 
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interstitial hemorrhages were observed, presumably the result of the 
vascular alterations. In 1 case thrombosis of the lumen of a medium- 
sized artery had occurred due to intimal and endothelial abnormalities. 
In 2 other subjects accelerated arterial lesions were present in the 
testes, stomach and adrenals. 

CLINICOPATHOLOGIC SIGNIFICANCE OF ARTERIOPATHIES 

Jores -- was the first to stress the occurrence of generalized arterio- 
sclerosis in subjects with glomerulonephritis and maintained that these 
vascular alterations might play a role in the clinical course of the disease. 
Baehr and Ritter later demonstrated by means of perfusion experi- 
ments that a reduction in renal vasculature was characteristic of 
contracted kidneys and reported extensive renal arterial lesions in cases 
of chronic glomerulonephritis. That the vascular changes constituted 
an important factor in renal contraction in cases of glomerulonephritis 
was reiterated. The opinion was also posed that “this may help to 
explain why the clinical pictures in the advanced stages of both primary 
contracted and secondarily contracted kidney cannot be differentiated.” 
Elwyn and Weiss and Parker similarly suggested that the arterial 
lesions which occurred in glomerulonephritis exaggerated the glomerular 
ischemia. These opinions were concurred in by Wagener and Keith,'"’ 
who stated that when the sclerotic lesions occur in glomerulonephritis 
“they indicate that the nephritis had been complicated by the development 
of diffuse arteriolar lesions which^ from then on assume the dominant 
role in the progress of the disease.” Fishberg voiced a similar opinion. 

The frequency with which severe vascular lesions may occur in 
instances of chronic diffuse glomerulonephritis is indicated by the obser- 
vations which constitute the basis of this paper. In a group of 49 cases, 
advanced arterial changes were exhibited in 35, or 72 per cent (table 4). 
Correspondingly, the clinical course of illness in those cases in which 
the accelerated vascular lesions were encountered at necropsy was 
strikingly more severe than that in the cases in which this arteriopathy 
was absent. The constancy of the association of accelerated vascular 
lesions with a rapidly developing clinical course indicates that the 
anatomic lesions constitute an important mechanism in the intensification 
and progression of the clinical picture. 

22. lores, L. : Ueber die Arteriosklerose der kleinen Organarterien und ihre 
Beziehungen zur Nephritis, Virchows Arch. f. path. Anat. 178:367, 1904, 

23. Baehr, G., and Ritter, S. ; The Arterial Supply of the Kidney in Nephritis 
Arch. Path. 7:458 (March) 1929. 

24. Elwyn, H. : Diffuse Glomerulonephritis, Am. J. M. Sc. 165:366, 1923. 

25. Weiss, S., and Parker, F., Jr,; Pyelonephritis: Its Relation to Vascular 
Lesions and to Arterial H 3 'pertension, Medicine 18:221, 1939. 
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ETIOLOGY OF VASCULAR LESIONS 

The vascular picture which we have encountered in our cases of 
chronic diffuse glomerulonephritis has been noted by a number of inves- 
tigators and has been variously referred to either as productive 
endarteritis or as “endarteritis obliterans.” These alterations have been 
attributed by some either to the presence of inflammatory changes or to 
the result of glomerular obstruction to blood flow or to both.^^ 

That obstruction to arterial blood flow of itself is an essential factor 
in the production of the accelerated type of lesion is negated by the fact’ 
that this picture is not observed in a disease, such as renal amyloidosis, 
in which glomerular obstruction is characteristically present,^® unless, as 
we have seen, hypertension supervenes, 

Weiss and Parker,^® on the other hand, have implied an inflammatory 
origin for this variety of arteriopathy. In their cases, significantly, when 
hypertension was present, the vascular changes were found to be even 
more advanced and diffuse. That renal vascular changes may be of 
inflammatory origin and may even occur in the acute and the subacute 
phase of^ diffuse glomerulonephritis has been well recognized since 
Lohlein’s vivid description. The alterations which he described, how- 
ever, were in the nature of arteriolitis or occasionally arteritis, with 
extensive necrosis of the wall, reactive polymorphonuclear leukocyte 
infiltrations and thrombosis of the lumen of the affected vessel. Vascular 
changes of this type were encountered in some of the cases of acute and 
of subacute glomerulonephritis which we reviewed as control material. 
It was apparent to us, however, that the type of lesion which Lohlein 
described in no way resembled the changes to which we specifically refer 
in this presentation. Moreover, the remarkable similarity of the arterial 
pictures of this phase of renal disease to those of unequiAmcal non- 
inflammatory renal diseases, such as the kidney of essential hypertension, 
vitiates the contention that inflammation plays an important role in their 
morphogenesis. It may be argued further in this connection that if the 
inflammatory changes of the renal parenchyma were significantly con- 
cerned in the formation of the cellular arterial proliferations and the 
arteriolar necrosis, one would expect this type of lesion to occur not 
only in the earlier stages of glomerulonephritis but more widely and 
more frequently. Indeed, instances of chronic diffuse glomerulonephritis 

26. Janeway, T. C.: Nephritic Hypertension: Clinical and Experimental 
Studies, Am. J. M. Sc. 145:625, 1913. 

27. Lohlein, M.: Ueber die entziindlichen Veranderungen der Glomeruli der 
menschlichen Nieren und ihre Bedeutung fur die Nephritis, Arb. a. d. path. Inst, zu 
Leipzig 4:1, 1907. 
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in which the vascular alterations have been either minimal or wholly 
insignificant in character have been repeatedly observed by others and 
by ourselves. 

It may be stated, then, that the inflammatory process does not suffi- 
ciently account for the vascular lesions of accelerated arteriosclerosis 
described here, and the explanation, consequently, must be sought else- 
where. The possibility has also been suggested that hypothetic toxic 
material which originates in the presence of renal insufficiency is an 
etiologic force in the production of these lesions. That the vascular 
alterations, however, are not the result of such a mechanism is suggested 
by their absence in the slowly progressive group, since in all cases in 
this group the subjects had manifested varying degrees of azotemia. 
Furthermore, we have observed instances of malignant hypertension 
with renal arterial lesions of the identical form described in our cases 
of nephritic disease in which death was the result either of cerebral or of 
cardiac episodes and in which there was no evidence of renal insuffi- 
ciency. The occurrence of arteriolonecrosis in the absence of renal 
insufficiency has been previously recorded.-® We are not in accord, 
therefore, with the contention of some investigators that the necrotic 
arteriolar lesions are the effect of functional renal impairment. 

In our attempt to learn what common denominator exists in the cases 
with accelerated arteriopathy, to which might be possibly ascribed an 
etiologic role, we were struck with the constant association of severe 
protracted hypertension. This impression found substantiation when 
the clinical histories and the anatomic data were reviewed in cases of 
malignant nephrosclerosis. Except for the fact that the vascular lesions 
encountered in our cases of chronic diffuse glomerulonephritis were less 
widespread and intense, they did not differ basically from those seen 
in cases of malignant nephrosclerosis. Similarly, a history of sudden 
augmentation of a previously high blood pressure could be elicited not 
infrequently, just as in our cases of nephritic disease. 

In the cases with mild to moderate increased blood pressure, retinal 
hemorrhages and exudates and arterial narrowing, but no swelling of the 
optic disk, the course is relativel}'' benign, slow and progressive. 
Eventually, uremia makes its appearance, occasionally in conjunction 
with some component of cardiac insufficiency. The dominant arterial 
lesion here is the same as that which is seen in instances of so-called 
benign essential hypertension. In direct contrast to this picture are 
those cases in which the blood pressure is extremely high (systolic 

28. Fahr, T., in Henke, F., and Lubarsch, O. : Handbuch der speziellen patho- 
logischen Anatomie und Hislologie, Berlin, Julius Springer, 1925, vol. 6 . Jores.22 

29. MurphJ^ F. O., and Grill, J.: So-Called Malignant Hypertension : A 
Clinical and Morphologic Study, Arch. Int. Med. 46:75 (July) 1930. Klemperer 
and Otani.2 

30. Kimmelstiel and Wilson.^ Weiss and Parker.^s 
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over 200 mm. of mercury and diastolic exceeding 120 mm.). In addition 
to the retinal hemorrhages, exudates and arterial narrowing, there is 
swelling of the optic nerve head. The latter may vary from mere 
blurring of the disk margins to prominent elevation of the nerve head. 
The circumpapillary retinal tissue is sometimes' edematous, and in cases 
of advanced disease detachment of the retina has been encountered. The 
clinical course of the latter group becomes intensified with the onset of 
severe hypertension and characteristically terminates due to an associa- 
tion both of renal and of cardiac failure — a picture which is identical 
with that observed in malignant nephrosclerosis. The visceral lesions 
also are strikingly similar to those encountered in the latter disease. 

The third group — the transitional — occupies an intermediate place 
between the slowly progressive and the advanced accelerated one. It 
comprises instances of chronic diffuse glomerulonephritis in which the 
blood pressure is usually higher than that in the slowly progressive group 
and may reach the heights of the advanced accelerated group. In it, how- 
ever, the blood pressure is usually more labile and neuroretinopathy 
may not be present. The histologic picture similarly lies midway between 
those just described. We are of the belief that the height and lability 
of the blood pressure and the presence or absence of neuroretinopathy 
are the cardinal clinical criteria on which to base the suspicion of the 
presence of either the slowly progressive or the accelerated phase of 
the disease. No other clinical manifestation (degree of azotemia, anemia 
or edema) can be employed in this connection. 

Worthy of special mention are those cases of transitional disease in 
which excessive blood pressure had been present but in which anatomic 
lesions were encountered which were only slightly more advanced than 
those which were characteristic of the slowly progressive phase. It 
appears to us that these cases of transitional disease had reached their 
termination before there had been sufficient time for the development 
of the classic accelerated arteriopathy, which seems to indicate that severe 
hypertension may precede the development of the cellular and the 
necrotic arteriolar changes. When severe and fixed hypertension super- 
venes, the ischemia incident to the elevated intravascular tension is a 
factor in the acceleration of the tempo of the degenerative changes of the 
renal parenchyma, with resultant profound and irreversible disturbances 
of renal function. 

SUMMARY AND CONCLUSIONS 

A series of 49 consecutive cases of chronic diffuse glomerulonephritis 
was investigated, with especial attention focused on the character of the 
arterial changes in all viscera. An independent and thorough evaluation 
of the clinical data in these same cases was also made. 
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In accordance with the varied vascular pictures a division of the 
disease into a slowly progressive and an accelerated phase is proposed, 
14 cases representing the former and 35 cases the latter. 

The histologic vascular lesions peculiar to each group of cases are 
described in detail. The intimal fibrosis, elastosis of arteries and 
arteriolar hyalinization which were characteristic vascular alterations 
in the slowl}^ progressive group were also observed in the other groups. 
A transitional group, in addition, exhibited cellular proliferation, foam 
cells and edema of the arterial intima, while the advanced accelerated 
group revealed an even more conspicuous cellular intimal proliferation 
of the arterial tree and, in addition, distinct necrosis of the arteriolar 
walls. 

A correlation of the clinicopathologic features was then determined. 
In the majorit}’- of cases it was found that the intensity of the clinical 
picture usually paralleled the anatomic vascular changes. 

Neuroretinitis, common in the transitional and the advanced acceler- 
ated group, was never observed in cases of tbe slowly progressive phase 
of the disease. 

On the basis of this survey it is concluded that arterial alterations 
both in the transitional and in the advanced accelerated groups of cases 
of chi'onic diffuse glomerulonephritis represent the anatomic equivalents 
of the clinical picture which has been designated malignant hypertension. 
This has been shown to occur more fr-equently than hitherto suspected in 
chronic diffuse glomerulonephritis. 

In view of the constancy of severe hypertension in a miscellaneous 
group of diseases in which accelerated arterial changes are present, this 
factor is considered a potent etiologic force in their production. Whether 
hypertension is the basic determinant for the appearance of the vascular 
lesion or is itself mediated through the liberation of a toxic vasopressor 
substance is beyond the scope of this presentation. 

The tempo of the clinical course in instances of chronic diffuse 
glomerulonephritis may be influenced not only by the exacerbation of the 
inflammatory process but by the height of the blood pressure. 

The occurrence of severe hypertension and neuroretinopathy in dis- 
ease entities of varied pathogenetic background vitiates the belief that 
these criteria may be of differential diagnostic import. 

The vascular lesions once established contribute importantly to the 
advancement of the renal process and the intensification of the clinical 
picture. 

74 East Ninet 3 ’-First Street. 

1 East One Hundredth Street. 

115 East Ninetieth Street. 



PYELONEPHRITIS AND HYPERTENSION 

A STUDY OF THEIR RELATION IN 11,898 NECROPSIES 
NORMAN M. SHURE, M.D. 

CHICAGO 


The work of Goldblatt ^ has shown that hypertension can be experi- 
mentally produced in animals by decreasing or altering the blood 
supply to the kidneys. Soon after the announcement of his experi- 
ments there began to appear in the literature clinical counterparts of 
his work. Mullholland “ reviewed the literature in this regard and 
classified the reported cases of hypertension resulting from interference 
with the blood flow through the kidneys in the following manner: 


I. Intrinsic, infection within the kidney 

A. Bilateral, resulting from 

1. Benign obstruction of the prostate 

2. Partial obstruction of the ureters 

3. Accompanying condition in the bladder causing clinical pyelonephritis 

(a) Stone 

(b) Diverticulum 

(c) Malignant growth 

4. Bilateral infection 

B. Unilateral, resulting from 

1. Pyelonephritis 

2. Calculi 

3. Contracted kidney caused by 

(a) Trauma 

(b) Infection 

4. Tuberculosis of kidney 

II. Extrinsic, effecting interference with the circulation in the renal artery 
Unilateral 

1. Malposition 

2. Abnormal course and position of artery 

3. Atheromatous plaques 

4. Infarct of the kidney 

5. Thrombosis with recanalization 

6. Hydronephrosis with pressure on artery 


From the Department of Pathology, University of Illinois College of ^ 
and the Pathology Laboratories, Cook County Hospital (Dr. Walter cn e » 

director). ^ , • . 

1. Goldblatt, H.: Experimental Hypertension Induced by Renal isclie 

Harvey Lecture, Bull. New York Acad. Med. 14:523, 1938. •n'.f.irp 

2. Mullholland, S. W. : Hypertension : The Problem, the Study, the b 

Bull. New York Acad. Med. 16:244, 1940. 
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Among the most numerous of these are the cases of unilateral 
pyelonephritis associated with hypertension apparently cured by 
nephrectomy (McIntyre,^ Barker and Walters,^ Barney and Suby,® 
Boyd and Lewis, ° Butler'^ and Leadbetter and Burkland®). 

Accepting pyelonephritis as one of the causes of disturbed renal 
vascular flow and thus a process capable of invoking hypertension, 
Weiss and Parker® have attempted to explain and correlate the 
frequent finding of vascular changes of the kidney in 100 cases of 
pyelonephritis and hypertension. Their results were constant and 
seemed to show a distinct relation to the degree of hypertension and 
the age of the infection. Though their study deals with the entire field 
of pyelonephritis, the most noteworthy part is that regarding hyper- 
tension. They observed elevation of blood pressure especially in the 
healed and the chronic stage of the infection and were able to describe 
the vascular lesions in great detail. Their dissociation of the intimal 
thickening and hyalinization as a result of involutionary changes from 
productive endarteritis, hyperplastic arteriolosclerosis and necrotizing 
arteriolitis which they were able to identify only in cases of pyelo- 
nephritis, and these were most pronounced in the infected and scarred 
portions of the kidneys, seems to prove that the vascular lesions are 
the result of the infection and probably a factor in the production of 
hypertension. They found similar lesions, though of a lesser degree, 
in cases of infection without hypertension and concluded that the lesions 
occur before the hypertension develops. The subsequent hypertension 
apparently aggravates the lesions, which in turn aggravate the high 
blood pressure, thereby provoking a vicious cycle. 

The purpose of this study is to examine critically the autopsy 
records of a large series of patients and to correlate the incidence of 
hypertension and pyelonephritis. Records of patients with hydro- 

3. McIntyre, D. W. : Unilateral Pyelonephritis with Hypertension : Apparent 
Cure After Nephrectomy, J. Urol. 41:900, 1939. 

4. Barker, N. W., and Walters, W. : Hypertension Associated with Unilateral 
Chronic Atrophic Pyelonephritis: Treated by Nephrectomy, Proc Staff Meet 
Mayo Clin. 13:118, 1938. 

5. Barney, J. D., and Suby, I. H. : Unilateral Renal Disease with Hyper- 
tension: Report of a Case Apparently Cured by Nephrectomy, New En^-land T 
Med. 220:744, 1939. 

6. Boyd, C. H., and Lewis, L. G. : Nephrectomy for Arterial Hypertension 
J. Urol. 39:627, 1938. 

7. Butler, M. : Chronic Pyelonephritis and Arterial Hypertension J. Clin. 
Investigation 16:889, 1938. 

8. Leadbetter, W. R, and Burkland, C. E.: Hypertension in Unilateral Renal 
Disease, J. Urol. 39:611, 1938. 

9. Weiss, S., and Parker, R, Jr.: Pyelonephritis: Relation to Vascular Lesions 
and to Arterial Hypertension, Medicine 18:221, 1939. 
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nephrosis, nephrolithiasis and horseshoe kidney ^Yere also studied to 
complete the picture. The relation of renal vascular lesions to hyper- 
tension, especially as regards age and the state of vascular tension, as well 
as sex and race, were particularly noted. It is thought that such a study 
of a large series of patients may contribute to the collection of statistical 
information alread}' begun by such observers as ^A^eiss and Parker and 
the Mount Sinai group in New York,'” as well as by the group at the 
i\Iayo Clinic " and others. 

All instances of pyelonephritis were studied from records of 11,898 
consecutive patients who came to autopsy at the Cook County Hospital 
in the ten year period 1930 to 1939 inclusive. These patients were 
tabulated according to age, sex. race and the state of vascular tension. 
The patients with unilateral and with bilateral involvement of the 
kidneys were separated. The complete autopsy protocol, which at the 
Cook County Hospital consists of an abstract of the clinical history 
and course of the disease, a description of the body as a whole, a gross 
description of each organ, an objective description of the microscopic 
appearance of the pertinent organs and a detailed anatomic diagnosis, 
was examined critically. For criteria of h}i3ertension a persistent 
systolic pressure of 150 mm. of mercury and a diastolic pressure of 
95 mm. were selected ; these are well above the limits accepted by the 
American Heart Association.'- A hypertrophied left ventricle and 
increased weight of the heart in the absence of other known causes 
was considered substantiating evidence. If the recorded blood pressure 
was a terminal one or was equivocal, the anatomic evidence was 
accepted. 

There were 290 patients with pyelonephritis, constituting 2.5 per 
cent of the total number. Of these, the' condition was bilateral in 224 
and unilateral in 66 . The patients with bilateral disease constituted 
77 per cent of those with pvelonephritis and 1.7 per cent of all the 
patients in the series. There were 130 females and 160 males, 44.8 
and 55.2 per cent, respectively. This is more or less in accord vith 
the proportion of adult males and females on whom autopsy was done. 

10. Oppenheimer. B. S. ; Klemperer, P., and Moschowitz, L. : Evidence for 
Goldblatt Mechanism for Hypertension in Human Pathology. Tr. A. Am. Phj sicians 
54:69, 1939. 

11. Braasch. W. F.: Walters. W.. and Hammer, H. J.: Hypertension and the 
Surgical Kidney, Proc. Staff iMeet., ^layo Clin. 15:477. 1940. Barker.^ N. M.. 
and Walters, W. : Hypertension and Chronic Atrophic Pyelonephritis, ibid. ^ • 
475, 1940. Braasdi, \\L F., and Jacobson, C. E. : Chronic Bilateral Pyelonephritis 

and H}T>ertension, ibid. 15:481, 1940. , 

12. New York Heart Association. Criteria Committee. Nomenclature aiiO 
Criteria for Diagnosis of Diseases of the Heart, ed. 4, New \ork, Kew ’or 
Tuberculosis and Health Association, 1939. 
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Of the 290 patients, 200, or 68.9 per cent, were white and 90, or 31.1 
per cent, were Negro. 

The patients were arbitrarily divided into six age groups: 30 and 
under, 31 to 40, 41 to 50, 51 to 60 and over 60. Thirty-six patients 
were under 30, of which 13 were male and 23 female. Between the 
ages of 31 to 40 there were 45 patients, of which 14 were male and 31 
female. In the group from 41 to 50 there were 56, more or less equally 
divided between the sexes. In the 51 to 60 group there were 65, of 
which 35 were male and 30 female. In the patients over 60 there were 
69 men and 19 women. The preponderance of males in the total 
number of patients with pyelonephritis is made up mainly by those in 
the older age groups. The incidence of pyelonephritis in the young 
women not only fits in with expectations but explains to a great extent 
the mortality. One can almost assume from these figures that fewer 
women survive such renal infection and live to be autopsied in the 

Table 1. — Incidence of Hypertension in the Various Age Groups in Tzvo Hundred 
and Ninety Patients tvifh Pyelonephritis 


Age Group Hypertension, % Renal Vascular Damage, % 

Under 30 28.0 29.0 

31-40 33.3 33.3 

41-50 41.0 49.0 

51-00 49.0 5C.0 

Over 00 63.0 69.0 

Average 44.4 ,50.C 


aged group. Though it was impossible to separate in this study the 
patients with acute, chronic and healed pyelonephritis, it is likely that 
the young women died in the acute stage. The incidence of pregnancy 
in these women was not ascertained, hut the great preponderance of 
the disease in the women of child-bearing age is of some significance. 

Forty-four and four-tenths per cent of all of the patients regardless 
of age, sex and race had an elevation of blood pressure. However, the 
significant findings are those seen in the incidence of hypertension in 
the various age groups (table 1). From 28 per cent in the youngest 
group the incidence rises in direct proportion to age until it reaches 
63 per cent in the oldest group. Similarly, the incidence of renal 
vascular changes, which in this series includes all the various types 
described by Weiss and Parker with few patients showing only one 
distinct type, is completely parallel with that of hypertension. It 
increases from 29 per cent in those under the age of 30 to 69 per cent 
in those over 60. The greatest incidence of pronounced hypertension 
was found in the atrophic kidneys of patients with old pyelonephritis 
with microscopic pictures of well advanced arteriolosclerosis. 
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Of the 66 patients with unilateral pyelonephritis, 22, or 33.3 per 
cent, had an elevated blood pressure (table 2). The greatest incidence 
of hypertension occurred in the 41 to 50 age group, being 35.7 per cent, 
as compared to 28.5 per cent in the youngest group. In the category 
of bilateral pyelonephritis 107 patients, or 47.7 per cent, had high blood 
pressure. The percentage ranged from 27.5 in the youngest group to 
63.7 in the oldest one. It appears that any increased incidence of 


Table 2. — Relation of Hypertension to Unilateral or Bilateral Involvement of 
the Kidneys in Two Hundred and Ninety Patients with Pyelonephritis 
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incidence of hypertension in patients 31 to 50 years of age as com- 
pared to that in white persons of the same age, though the total 
incidence is 46.5 per cent in the white patients and 40 per cent in the 
Negroes (table 4). 

Seventeen -patients in the series had horseshoe kidney, 13 males 
and 4 females. Of these, 11, or 64.7 per cent, had elevated blood 
pressure (table 5). In these, discounting the single patient under the 

Table 4. — Relation of Hypertension to Race in Tzvo Hundred and Ninety 

Patients zmth Pyelonephritis 


Kegro White 

. X . _ . . 

— • ’ ' ~ % r » 

Elevated Normal Elevated Normal 

Blood Pressure Blood Blood Pressure Blood 

' , Pressure: , * \ Pressure: 


Age Group 

No. of 
Patients 

Percentage 

No. of 
Patients 

No. of 
Patients 

Percentage 

No. of 
Patients 

Under 30 

3 

21.4 

11 

7 

31.8 

15 

31-40 

9 

39.0 

14 

6 

27.2 

16 

41-30 

9 

45.0 

11 

14 

38.8 

22 

51-00 

8 

44.4 

10 

24 

51.0 

23 

Over 60 

7 

4G.G 

8 

42 

57.5 

31 

Total 

3G 

40.0 

54 

93 

4G.5 

107 


Table 5. — Incidence of Hypertension in Seventeen Patients with Horseshoe 
Kidney, Thirteen Patients with Polycystic Kidney and 
Sixty-Two Patients with Nephrolithiasis 


Horseshoe Kidney Polycystic Kidney Nephrolithiasis 

' . ' t. 


f r~~' — \ t — > 

Elevated Normal Elevated Normal Elevated Normal 

Blood Blood Blood Blood Blood Blood 

Age Group Pressure Pressure Pressure Pressure Pressure Pressure 

Under 30 1 0 1 0 2 2 

31-40 1 1 2 0 4 7 

41-50 4 1 1 4 e C 

51-GO 2 2 2 2 8 10 

Over CO 3 2 0 1 IS 4 

Total 11 G C 7 33 20 

(4G.15%) (53.2%) 


age of 30, the greatest incidence of high blood pressure occurred in 
patients betiveen the ages of 41 to 50, of whom 4 of 5 had hypertension. 
Here again the finding of vascular sclerosis was directly proportional 
to the incidence of hypertension. Thirteen, or 0.11 per cent, of the 
11,898 patients in the series had polycystic kidneys; 10 patients were 
male, and 3, female. Of these, 7, or 53.7 per cent, had an elevated 
blood pressure. The renal vascular damage in these patients was not 
outstanding, 6 of 13 showing no particular parenchymal changes except 
atrophy in cases of severe disease. It may be pointed out that the 
hypertension resulting from polycystic kidney is thought to occur 
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differently from that of pyelonephritis. It is said to be the result of 
pressure of the cysts extrinsically on the renal artery. The lack of 
renal vascular damage in these patients corresponds with Goldblatt’s 
finding of the relative absence of such damage in the ischemic kidneys 
of his dogs. Sixty-two patients had nephrolithiasis, comprising 0.52 
per cent of the total number of patients. It was unassociated with 
evident pyelonephritis, the patients in this study with both conditions 
being included among those with pyelonephritis. Of these, 43, or 53.2 
per cent, had an elevated blood pressure. 

Braasch in his control series of 975 patients admitted to the Mayo 
Clinic found 20 per cent had hypertension, as compared to 26 per cent 
of 180 patients with pyelonephritis. The incidence of hypertension both 
in the control series and in the patients with renal disease increased 
with the age of the patients. In the youngest group there was an 
incidence of 8.4 per cent in the controls, as compared to 13.3 per cent 
in those persons with pyelonephritis ; while in the oldest patients the 
incidences were 47.1 and 53 per cent, respectively. Oppenheimer, 
Klemperer and Moschowitz selected every fifteenth patient in their 
series of 5,000 who came to autopsy and found 24 per cent had high 
blood pressure, as compared to 40 per cent of 97 patients with pyelo- 
nephritis. For control of the study reported here approximately 1,000 
of some 12,000 patients on whom autopsy was performed during the 
ten year period were selected at random and classified according to 
age group and sex, as well as the presence or absence of hypertension. 
The same standards were used in the tabulation of the control patients 


as were used for patients with pathologic conditions. Though no exact 
tally was kept, approximately every tenth to fifteenth patient in the 
entire group of 11,898 was selected. It is felt that the resultant group 
represents a good cross section of the autopsy material at the Cook 
County Hospital and serves as a good basis for comparison. , In the 
entire group 331 patients of 947, or 34.9 per cent, had an elevation of 


blood pressure. If one segregates these patients into the age groups 
used in the study, the percentage incidence of hypertension is under 
30, 15.6; 31 to 40, 28.1 ; 41 to 50, 40; 51 to 60, 36.6, and over 60, 43.1. 
In the males the incidence in the same groups is 21.4, 25.5, 39.8, 33.5 
and 43.7. In the females it is 10, 30.6, 40.2, 43.07 and 42.1 (table 6). 

On the surface it would appear that 44.4 per cent of patients with 
pyelonephritis, 53.2 per cent of those with nephrolithiasis, 64.7 per cent 
of those with horseshoe kidney and 53.8 per cent of those with poly 
C3'^stic kidney showed an elevation of blood pressure, as compared to 
34.9 per cent of a control group. The number of patients with po ) 
cystic kidney is too few for analysis. In the patients with pyelonephi itis 
there appears to be a distinct increase in the incidence of hypertension 
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as compared to that in the controls except in the age group 31 to 50, 
in which the incidence is almost parallel. Comparing the female 
patients with pyelonephritis with the female controls the incidence 
seems to be greater only in the youngest group, in which it is 21.7 
per’ cent, as compared to 10.0 per cent. Indeed, in the women over 
40 the incidence of high blood pressure is greater in the control group. 
However, in the men the incidence of hypertension is greater in com- 
parison in all the age groups and is most marked in men over 40. 
This apparently occurs in patients in whom both kidneys are involved, 
those with unilateral involvement showing no distinct variation. 
Though only 64 patients had uncomplicated nephrolithiasis, the 
incidence of hypertension was more striking than in those with the 


Table 6. — Relation of Hypertension to Sex and Age in One Thousand 

Control Patients 




Male 



Pemale 





Elevated 

Blood Pressure 

Nornaal 
Blood 
Pressure : 
No. of 
Patients 

Elevated 

Blood Pressure 

Normal 
Blood 
Pressure; 
No. of 
Patients 

Ago Group 

No. of 
Patients 

Percentage 

No. of 
Patients 

Percentage 

Under 30 

12 

21.4 

44 

6 

10.0 

53 

31-40 

24 

25.5 

70 

23 

30.6 

52 

41-50 

57 

39.8 

86 

31 

40.2 

40 

51-00 

40 

33.5 

91 

28 

43.1 

37 

Over 60 

09 

43.7 

89 

35 

42.1 

48 

Total 

208 

35.3 

380 

123 

34.9 

230 


Other diseases, being 53.2 per cent of all the patients, compared to 34.9 
per cent of the controls. 

The increasing incidence of hypertension with age in all the patients 
is of some significance. Two possible explanations may be offered. 
The frequency with which high blood pressure occurs in elderly persons 
■without renal damage may suggest that even without pyelonephritis 
hypertension would have been present (this seems to be borne out by 
the controls), and therefore pyelonephritis is not an important factor 
in the production of their hypertension. The other explanation is that 
the occurrence of a much greater incidence of hypertension in the older 
age groups is in complete accord with the concept that the time element 
is important in the evolution of the hypertension associated with pyelo- 
nephritis. This material does not show how long the patients had had 
their renal infection, but one may assume that a patient over 60 has 
had it longer than a patient under 30. If one remembers that these 
studies are based on autopsy records, and that the young patients either 
did not survdve their renal infection or succumbed to an unrelated 
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disease process, it is easily understood that the time element as regards 
the age of the infection may be of some importance in the production 
of hypertension. The apparent paradox of the women over 40 in the 
control group having a greater incidence of hypertension than the 
similar group with pyelonephritis can be rationalized. The control 
patients being a cross section of all those who came to autopsy include 
ones with all types of hypertension; some of them may be duplications 
as the result of pyelonephritis. In women over 40 degenerative diseases, 
some of which are accompanied by hypertension, are apt to occur. In 
addition, the great incidence of pyelonephritis in young women seems 
to indicate that fewer women survive their infection and live long 
enough to be autopsied in an older age group. If this is true, then the 
women over 40 in the control group are patients who not only survived 
their renal infection long enough for hypertension to develop but lived 
long enough to have an elevated blood pressure from other causes. 

SUMMARY 

The incidence of hypertension in patients with pyelonephritis was 
studied from 11,898 autopsies performed in a ten year period. In these 
the incidence was 44.4 per cent as compared to 34.9 per cent in a control 
group selected at random. In an analysis, however, this greater 
incidence apparently occurred in patients with bilateral pyelonephritis, 
especially in the male sex, and was most marked in men over 40. The 
relative absence of high blood pressure in patients with unilateral pyelo- 
nephritis was striking. The incidence of hypertension increased with 
the age of the patient and was parallel to the incidence of marked renal 
vascular damage. In small groups of patients with polycystic kidney, 
horseshoe kidney and uncomplicated nephrolithiasis the incidence of 
hypertension was 46.15, 64.7 and 53.25 per cent respectively. 

116th Field Artillery Batallion, Camp Bowie, Texas, Army Postoffice. 



INTERMITTENT FEVER OF UNKNOWN ORIGIN 


RECURRENT HIGH FEVER WITH BENIGN OUTCOME IN A PATIENT 
WITH MIGRAINE AND NOTES ON “nEUROGENIC” FEVER 

STEWART WOLF, M.D* 

AND 

HAROLD G. WOLFF, M.D. 

NEW YORK 

“Neurogenic” fever is a term the limits of which have not been 
clearly defined. Lesions of the brain stem or the hypothalamus are 
known to be associated frequently with pyrexia.’- Typhoid vaccine and 
other foreign protein agents cause fever probably by functional altera- 
tions in the central nervous system.^ Whether this effect occurs by 
virtue of changes in circulation or by direct chemical action on cells of 
the thermoregulatory apparatus is not yet clear. Even less clear is the 
mechanism responsible for elevations of body temperature accompany- 
ing emotional disturbances. The fact that they do occur, however, has 
long been known. Most of the writing on the subject has appeared in 
the German literature. Friedmann and Kohnstamm ® in 1914 recog- 
nized that, fever frequently accompanied excitement and emotional ten- 
sion in the absence of physical overactivity. Seven years later Eichel- 
berg^ was able to induce temperatures up to 39.2 C. (102.5 F.) in 
patients by hypnosis. Since then pyrexia has been observed in a variety 
of emotional settings. Osier ® recognized it as a manifestation of “hys- 

* National Research Council Fellow in the Medical Sciences. 

From the New York Hospital and the Departments of Medicine and Psychiatry, 
Cornell University Medical College. 

Dr. Herbert S. Ripley saw the patient frequently in consultation and supplied 
some of the data regarding his personality. 

1. Kleyntyens, F.; Recherches sur la physiopathologie des centres thermo- 
regulateurs, Compt. rend. Soc. de biol. 132:55, 1939. 

2. Ranson, S. W. ; Clark, G., and Magoun, H. W. : Effect of Hypothalamic 
Lesions on Fever Induced by Injection of Typhoid-Paratyphoid Vaccine, J. Lab. & 
Clin. Med. 25:160, 1939. 

3. Friedmann, M., and Kohnstamm, O. ; Zur Pathogenese und Psychotherapie 
bei Basedowscher Krankheit, Ztschr. f. d. ges. Neurol, u. Psychiat. 23:357, 1914. 

4. Eichelberg: Durch Hypnose erzeugtes “hysterisches Fieber,” Deutsche 
Ztschr. f. Nervenh. 68:352, 1921. 

5. Osier, W.: The Principles and Practice of Medicine, ed. 3, New York, 
D. Appleton and Company, 1898. 
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teria.” Reiinann ® found low grade temi^erature elevations in a group 
of psychoneurotic patients who showed tachycardia, wide pupils, dry 
mouth and hypoperistalsis. Dejerine ‘ wrote that temperature elevations 
might be readily attributed to emotional causes in the absence of demon- 
strable physical disease. Unfortunately, reports of actual instances of 
such fevers are vague, and the personality reaction types in which the 
fevers occur are not clearl}' defined. On the basis of the knowledge 
which has accumulated already, however, it is possible ’to classify 
instances of “neurogenic” fever under four headings. 

First, there is the occurrence of extremely liigh temperatures gener- 
ally held to be incompatible with life in a person who does not other- 
wise appear ill. It is likely that in most cases fraud is the basis of 
such a fever. The second variel}^ is habitual low grade fever.® The 
third type is manifested by isolated rises in body temperature of short 
duration definitely associated with some experience inducing anxiety 
or tension in the patient.® The last group includes recurrent bouts of 
high fever, which continue for years without apparent detriment to the 
jDatient. This communication will deal with a case of the last-named 
type of fever. 

A competent short review of the literature on this subject between 
1910 and 1933, with abstracts of illustrative cases, is available.^® There 
are few reports in detail of cases of recurrent fever over a period of 
years which eluded explanation indefinitely on the basis of some struc- 
tural disease. 

Alt and Barker in 1930 reported a case of intermittent fever which 
occurred in a 17 year old Armenian boy and which had lasted twenty- 
five years at the time tlie repoit was made. Attacks occurred about 
four times a year at first and gradually increased in frequency, until 
at the time the case was reported the patient was having an attack twice 
a week. The temperature rose to 39 C. (102.2 F.). Abdominal cramps 
on the right side, vomiting, pain in the knees and leukocytosis (15,000 to 

6. Reimann, H. A. : Hypothermia : Subnormal Temperature and Its Relation 
to Neurocirculatory Asthenia, J. A. M. A. 115:1606 (Nov. 9) 1940 . 

7. Dejerine, J. ; Semiologie des affections du S3’’Steme nerveux, Paris, Masson 
& Cie, 1926, p. 1070. 

8. Smith, D. S. : Fever of Undetermined Etiology, J. Michigan M. Soc. 38: 
125, 1939. 

9. Falcon-Lesses, M., and Proger, S. H. ; Psychogenic Fever, New England 
J. Med. 203:1034, 1930. 

10. Dunbar, H. F. : Emotions and Bodily Changes, ed. 2, New York, Columbia 
University Press, 1939. 

11. Alt, H. C., and Barker, M. H.: Fever of Unknown Origin, J. A. M. A. 
94:1457 (May 10) 1930. 
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20,000 cells) were often associated with the fever. The episode lasted 
about a day and was usually followed by loose stools for a day or two. 
Otherwise, between the attacks the patient felt perfectly well. He did 
not lose any weight or show any signs of infection except for an enlarged 
spleen. The latter was removed- surgically, without effect on the bouts 
of fever. It weighed 544 Gm. at operation. Microscopic section revealed 
nothing specific or helpful diagnostically. 

The next year Santos reported 2 cases of a similar condition. 
In 1 case a 32 year old woman had recurrent febrile rises of temperature 
to 41 C. (105.8 F.) associated with abdominal cramps. During a period 
when attacks were occurring nearly every day the author found it pos- 
sible to suspend them for several days with the help of hypnotic 
suggestion. In the second case a 24 year old woman was subject to 
hysterical palsies and aphonia and convulsive attacks; she also had 
abdominal pain in association with her fever. The fever could be con- 
trolled by injection of opiates. 

Later Scott and Kirschner reported a case in which attacks of 
f6ver were accompanied by an urticarial cutaneous rash, joint pains 
and at one time an effusion into the right knee joint. 

In 1937 Allen reported a case of intermittent hyperthermia of 
seven years’ duration, which now, five years later, is the subject of the 
present communication. 

REPORT OF A CASE 

The patient, L. McC., an engineer aged 43 at the time of admission to the New 
York Hospital, began suffering from intermittent attacks of fever -with temperatures 
up to 40 C. (104 F.) in 1928, and he has continued to be afflicted with them until 
only recently. 

It is of special interest that the patient’s father had suffered from similar inter- 
mittent attacks of fever with temperatures up to 40 C. associated with “sick head- 
ache," nausea and vomiting. These began at about the age of 25, lasted nearly fifteen 
years and finally stopped spontaneously. At first the bouts came every few weeks, 
but toward the end they were less frequent, occurring only two or three times 
a 3 'ear. A sister and an aunt of the patient suffered most of their lives with 
periodic headaches without fever, diagnosed by physicians as migraine. At the 
time of the menopause the patient’s mother had a mental illness which required 
treatment in a sanatorium for several months. 

During late adolescence the patient himself began suffering from periodic head- 
aches characterized by bifrontal pain and pain in the eyeballs, photophobia and 
nasal discharge. The occurrence was especially frequent at times of emotional 

12. Santos, R. N. : Ueber die neuropsjxhogene Hvperthermie, Med. Klin 27- 
1273, 1931. 

13. Scott, J. W., and Kirschner, A. : Intermittent Fever of Three and a Half 
Years’ Duration, Lancet 2:299, 1938. 

14. Allen, E. V. : Intermittent Hyperthermia of Seven Years’ Duration Ann 
Int. Med. 10:1204, 1937. 
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strain. In 1922, at 25 years of age, during a period of marked anxiety in a setting 
of business problems he became nearly incapacitated by these headaches. Twelve 
years before admission to the New York Hospital, at the age of 31, the patient 
suddenly ceased to have the headaches and he began to experience recurrent attacks 
of a different nature, characterized by fever, malaise and aches and pains in his 
back and extremities. One or two days after his first episode he felt well again. 
Six weeks later a second attack occurred. From then on he had recurrent bouts 
of fever with progressively shorter intervals between them, until at the time of 
admission to the New York Hospital he was having one a week. Before each 
episode for a day or less there were prodromal symptoms consisting of aches in 
the ankles and the spine, a feeling of mental unrest and difficulty in concentration. 
The fever was often ushered in by a shaking chill. The temperature rose rapidly 
to a peak and returned to normal within twelve hours. Leukocytosis (in the 
neighborhood of 15,000 cells) occurred. The episodes associated with marked 
elevation of temperature, to about 40 C, were of shorter duration and caused less 
discomfort than those in which the fever was of relatively low grade or was 
artificially depressed by antipyretic drugs. After the fevers he had a “purged” 
feeling, with a sense of especial well-being and mental efficiency. From this point 
on, he could do his work effectively until the prodromal symptoms of the next 
attack appeared. 

As already mentioned, these fevers could be modified by antipyretic drugs, such 
as acetylsalicylic acid and aminopyrine, but the attacks could not be thus prevented. 

One measure which altered the time of occurrence of attacks was the induction 
of fever by the administration intravenously of killed typhoid organisms. The 
sharp febrile episode resulting from this was apparently identical with the attacks 
which occurred spontaneously. When such an artificial fever was induced on the 
eighth day after an attack, the next fever occurred ten days after the artificial one. 
This phenomenon has been repeatedlj' utilized by the patient to avert attacks which 
would normally fall on days on which he had some important job to do. 

Statistical data on the distribution of attacks show that they had their onset 
most frequently at night, especially the severer ones. They occurred least often in 
the late afternoon. The interval between attacks lengthened when the patient was 
satisfactorily occupied and shortened when he was inactive, especially if under 
observation or hospitalized. Over all, the intervals between attacks became pro- 
gressively shorter. 

The fevers were not associated with loss of weight or debility, nor was there 
any evidence between attacks that the patient was ill. After five years of fevers 
appearing with increasing frequency he had his first remission. It was apparently 
spontaneous, and it lasted one hundred days. During this time his headaches, 
which had been suspended while he was having recurrent febrile attacks, recurre . 
Two years later he was admitted to the Mayo Clinic, where he was stu le 
intensively. The only clue to the origin of the fevers was the finding of the same 
strain of alpha Streptococcus in his nasopharynx, tonsils and prostatic secrehon. 
He was given a course of therapy with Rosenow’s hyperimmune serum, from w ic 
he acquired serum sickness. After this his tonsils were removed, and subsequent y 
his second remission occurred. This one lasted four and one-half months. e 
details of the history up to this time and the results of the studies at t e ayo 
Clinic are contained in Allen’s paper.i^ ^ ^ 

During the remission the patient began to suffer again from periodic hea ac les. 
With the recurrence of the fevers, however, the headaches once again stoppe . 

On March 8, 1940, the patient entered the Stanford University Hospha or 
study. The following data are supplied by Dr. Arthur L. Bloomfield, benerai 
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physical examination and examination of sensory and motor functions revealed 
nothing abnormal. Routine blood counts were normal except for the temporary 
leukocytosis which accompanied the bouts of fever. Blood cultures and agglutina- 
tion reactions were negative for paratyphoid bacilli of types A and B, Salmonella 
suipestifer, Brucella abortus, Brucella melitensis and Brucella suis, as well as 
Bacillus tularensis. The agglutination test for typhoid organisms gave a positive 
reaction (wde numerous intravenous injections of killed typhoid organisms). The 
cutaneous reaction to coccidioidin was negative. Examinations of urine and feces, 
including repeated cultures, showed nothing abnormal. Culture of the prostatic 
secretion revealed 600 colonies of beta hemolytic Streptococcus per cubic centi- 
meter. The Wassermann reactions of the blood and the spinal fluid were negative ; 
the remainder of the examination of the spinal fluid revealed nothing abnormal. 
An electrocardiogram and an electroencephalogram were normal, as were roent- 
genograms of the skull and the chest and excretory pyelograms. The basal metabolic 
rate ranged between — 1 and -j- 15 per cent. Psychometric examination showed 
an intelligence quotient of 149. The erythrocyte sedimentation rate was repeatedly 
within normal limits. 

In the Stanford University Hospital, after the possibility of malingering had 
been carefully excluded, various therapeutic measures were undertaken without 
avail in an effort to eliminate the fevers, including administration of sulfanilamide, 
roentgen therapy over the cervical region and attempts at hypnosis. The latter 
failed because the patient resisted the procedure, unwilling to lose “an infinitesimal 
part of my will." One interesting finding came out of these studies, however. It 
was observed that vasomotor changes were associated with changes in the emotional 
state of the patient to the extent that it was possible to raise the cutaneous tem- 
perature of one extremity merely by suggestion. He was even able to accomplish 
this feat by autosuggestion. In such an attempt at autosuggestion later in the New 
York Hospital it was found that the cutaneous temperature of his right leg was raised 
0.5 C. (0.9 F.) above that of his left leg as measured under basal conditions with 
a radiometer. The patient was discharged from Stanford University Hospital 
May 1. It was thought that the fevers resulted from an obscure infection, although 
the possibility of a neurogenic basis was entertained. 

The patient was referred to the New York Hospital for further studies, with 
special attention to the mechanism of heat production. He was admitted on May 
31, 1940 and studied in attacks much as he had been elsewhere. Since the likelihood 
of bacterial origin in the fevers had been pretty well excluded, more emphasis was 
placed on the possibility of virus origin. Accordingly, spinal fluid, blood and 
duodenal contents were collected during the height of fever and injected into mice 
and guinea pigs by Dr. Thomas P. Magill. Efforts thus to isolate a virus were 
unsuccessful. In view of the fact that the patient did not appear sick or debilitated 
in any way after twelve years of such vigorous illness it was held unlikely that 
his disease was infectious in nature. The figure illustrates the course of the rectal 
temperature and the pulse during a typical attack. The degree of leukocytosis is 
also recorded. Oral and axillary temperatures were also taken. The values were 
slightly lower than those of the rectal readings, as is usually found. 

The relation of the bouts of fever to his “migraine” headaches was striking, 
particularly the fact that when the fevers started, the headaches to which he 
had been subject periodically ended, only to recur during the two periods of remis- 
sion from the fevers. It seemed as if the two conditions were separately existing 
components of the same derangement. This relation suggested that the fevers might 
be due to a circulatory disturbance in the thermoregulatory centers. It is known 
that the headache of migraine is caused by excessive dilatation of chiefly extra- 
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cranial arteries of the head.^^ It is also known that in certain cases of migraine 
there occurs vasoconstriction of intracranial arteries, usually in the preheadache 
stage.i® It was postulated that some such vasomotor derangement in the hypo- 
thalamus might be responsible for the febrile rises. 

To test this possibility an attempt was made to abort febrile attacks by the 
administration of vasodilators, namel}', glyceryl trinitrate and sodium nitrite. These 
drugs in doses of 0.0004 and 0.06 Gm., respectively, were administered at frequent 
intervals at the first appearance of prodromal symptoms. Two attacks appeared to 
have been aborted in this fashion, but eventually the fevers occurred despite the two 
compounds. Finally, the effect of sodium diphenylhydantoinate was tried. Accord- 
ingly, that drug was administered in doses of 0.1 Gm. four times a day. The patient 
had one more febrile attack two days after the institution of this therapy. In 
that attack, August 8, the rectal temperature rose to 39 C. (102.2 R). From then 
on he was free of attacks until July 25, 1941. The apparent success of this drug, 
which is used almost exclusively in the treatment of epilepsy, suggested that this 
sj'-ndrome might be more closel}' related to “epilepsy” than to migraine. Sudden 
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Changes in the rectal temperature, pulse and number of white cells per cubic 
centimeter during a typical febrile attack. 


withdrawal of the drug, however, after forty-four days of administration failed 
to induce an attack, although such a sudden withdrawal of anticommlsant drugs 
is known to induce convulsive seizures in “epileptic” patients.^’' Other measures 
which are known to induce seizures in such persons were tried. The patient was 
kept awake for twenty-four hours, given exhausting mental, manual and physical 
work to do and fed alcoholic beverages throughout the twenty-four hour peno , 
totaling in alcoholic content 120 cc. of 95 per cent ethyl alcohol. Later for a week 
his fluid intake was maintained in excess of 6,000 cc. daily. In the midst of this 
period he was given 1 cc. of solution of posterior pituitary U. S. P. intramuscu- 
larly. On the day of injection his urine output fell from 5,000 cc. to 2,500 cc., 

15. Graham, J. R., and Wolff, H. G.: Mechanism of Migraine Headache and 
Action of Ergotamine Tartrate, A. Research Nerv. & Ment. Dis., Proc. (19 ) 

638, 1938. 

16. Schumacher, G. A., and Wolff, H. G. : Experimental Studies on Headache: 
B. Contrast of Vascular Mechanism in Preheadache and in Headache Phenomena 
of Migraine, Arch. Neurol. & Psychiat. 45:199 (Feb.) 1941. 

17. Dunning, H. S. : Convulsions Following Withdrawal of Sedative Medica- 
tion, Internal Clin. 3:255, 1940. 



wo LF-WOLFF— INTERM IT TENT FEVER 


299 


indicating storage of fluid. None of these measures was successful in precipitating 
a febrile attack. The patient continued free of attacks without any further drug 
therapy. 

The patient was subjected to a careful personality study. His family environ- 
ment throughout childhood was rather rigid. His father was a strict, quiet and 
undemonstrative man. It has already been stated that he was subject to sick 
headaches and bouts of fever. His mother lay constant emphasis on culture and 
breeding. It was considered bad form at home to display any affection or other 
emotional reaction. He was conscientious and serious as a boy and extremely 
sensitive to the opinions of others, especially to disparaging remarks. His parents 
expected him to excel in his studies, and he did so, nearly always leading his 
classes. He entered college at the age of 17 but left in his third year to enlist in 
the Navj'^ shortly before the United States declared war on Germany. He felt 
superior to other seamen and was distressed by their vulgar speech and manners. 
He soon earned for himself a commission as ensign, and later one as lieutenant. 
After the war he returned to college and in a year obtained a degree in engineering. 

His past training and experience had inculcated in him high standards of per- 
formance, and the idea of failure was intolerable to him. Although he was a good 
engineer, he never became a business “success.” He was unable to adjust his rigid 
personality to the “give and take” standards of the business world. He had a strict 
ethical code in business dealings, which in his opinion was frequently offended 
by unscrupulous tactics in general practice. He asserted, “I am incapable of in 
any way cultivating friendships with the thought that they may be useful to me 
in business.” He felt insecure in the business world and anxious about his success. 
At the age of 25 he formed a company with two partners, but he resented strongly 
every instance in which his opinion was not able to prevail in business discussions. 
He admits that the venture might have succeeded “if I had been able to subjugate 
my opinions to those of my associates.” The patient frantically redoubled his output 
of work in order to make his losing venture succeed. At this time he was tense, 
more anxious than ever and resentful that the whole onus had fallen on his shoul- 
ders. His periodic headaches became so severe as to be incapacitating, and it was 
necessary for him to quit work for a time. 

Although he insisted on imposing his standards on other persons, it is interesting 
that in his personal relations he depended for emotional support on others, while 
he gave out comparatively little himself. “My friends assume a protective or 
paternal attitude that I don’t particular!}’’ object to.” 

Six months after a disappointing love affair, when he was 27 years old, he met 
the woman whom he later married. They were both “given to critical analysis” and 
“sensed a kindredness of spirit.” He passionately wished his marriage to be a 
perfect partnership, so he entered on it cautiously. He was especially anxious 
that neither his wife’s nor his own “individuality” should be encroached on by 
the union. Accordingly, he drew up a contract which provided that each of them 
should be a free agent whose behavior was not to be hampered by the conventional 
restrictions of marriage. They deliberately undertook extramarital connections as 
“an expression of unhampered individuality to convince us that the verdancy of 
distant pastures may be somewhat illusory.” Their experiences did not appear to 
affect his wife deeply one way or another. The patient, however, was offended 
by the experiences despite the fact that they had been at his own instigation. His 
first febrile episode followed his first extramarital experience, and his second six 
weeks later, followed his wife’s first experience. From that time on the patient 
became impotent in his relations with his wife. His general behavior became more 
compulsive than ever. He kept filed voluminous data and charts of events in his 
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illness, with meticulous attention to minutiae. The collection and classification of 
this mass of material became increasingly time-consuming and interfered with the 
accomplishment of his regular duties. He wrote daily letters to his wife on the type- 
writer and kept a carbon copy of each, meticulously filed away and clipped to the 
latest reply. 

On examination the patient was alert and friendly. He seemed intensely inter- 
ested in his illness but not much disturbed by it. He stated, “I have cultivated an 
impersonal attitude toward my illness.” He frequently spoke in the third person 
or referred to himself as “we.” In discussing his past life and personality reactions 
his manner was circumstantial and pedantic. He put undue stress on the selection 
of words and when discussing his status used involved medical terminology, at 
times sacrificing clear meaning for the use of intriguing words. He even occa- 
sionally concocted words. One was "frameria,” which he said meant literacy and 
symmetry. 

He expressed abnormal fears of large strange dogs, burglars, darkness, fire, 
bodily injury and a lingering illness. These had 'persisted since childhood. He 
avoided conflict with others, physical or mental. He was unhappy in controversial 
business discussions because he became “rattled and fearful and felt frustrated.” 
Meticulous in his habits, he found it “impossible to slight work.” After once 
undertaking a job he felt that he must carry it through at any cost. He was con- 
stantly obsessed by details of a problem and felt compelled to go over each one 
again and again. 

The almost daily interviews necessary to elicit these data gave the patient an 
excellent opportunity for “mental catharsis.” His illness was formulated to him 
as a functional disorder of the thermoregulatory^ apparatus in a setting of anxiety, 
insecurity and resentment precipitated by his two failures, business and marital. 
These failures were intolerable to him. He accepted this orientation and gained 
in time a good understanding of his condition. This, together with other less well 
defined factors, effected in him a marked improvement. At the time of discharge, 
he felt that his conflicts had been resolved to a large measure and he felt able 
to face his problems with more serenity. He accepted the inevitable fact that 
there were certain tasks which he could not do perfectly. In a letter written after 
he had been home and free of attacks for more than seven months he indicated 
that he had actually been able to face his life problems with less anxiety and con- 
flict. He had found congenial work of a less intense type than that in which he 
had been engaged before he came to the hospital. He was employed in a consulting 
capacity by a large firm. He no longer had the interference of business partners 
to arouse resentment within him. He felt more secure both in his business and in 


his domestic relations, and fear of failure was no longer uppermost in his mind. 

After a time, however, the work became gradually more intense, and during 
the phase of accelerated production for national defense the patient undertook the 
responsibility of designing a machine for the Army in a much shorter time than 
he was actually able to do. In this setting, after three hundred and fifty-one dajs 
free of fever, an anxiety tension state developed, and with it he had two bouts 
of fever similar to the old episodes. Whether this relapse will reestablish his 
rhythm of attacks or whether the bouts will constitute isolated occurrences is yet 


to be demonstrated. 


COMMENT 

It is unfortunate that the patients whose conditions were described 
in the literature on the subject of psychogenic fever were not subjected 
to detailed personality study, although in many instances the)'’ uere 
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referred to as “neurotic*’ or “hysterical.” Our patient has been studied 
carefully from the standpoint of the personality and found to fit into 
the reaction type characterized by obsessive and compulsive behavior. 
There was a family history of mental illness requiring hospital treatment 
on the maternal side and of migraine on the paternal side. His early 
home environment was rigid and uncompromising. His parents relent- 
lessly demanded of him a high standard of performance. They would 
brook no failure. The jiatient himself was sensitive to slights, con- 
scientious and insecure when without the approval of others. As a 
compensation for his essential passive nature with its dependency on 
others he assumed a kind of dominant attitude which showed itself in 
his pedantic behavior and in his inflexible life standards. While in 
school and college, when he had onlv himself and his books to reckon 
with, he led his classes and thus was able to feel secure with the approval 
of others. When he entered the business world, however, his inflexible 
attitude and rigidly systematized behavior proved a hindrance, and in 
consequent failures he experienced conflicts and feelings of insecurity. 
This was the period during which he was nearly incapacitated by his 
migraine headaches. When later he had to fit marriage into his rigid 
system of life, he found the task insurmountable. In this setting, during 
his early married life, the recurrent febrile attacl<s appeared. 

The mechanism responsible for the fever is not clear, but it is possible 
that the attacks may be due to a vasomotor disturbance akin to that 
encountered in migraine.^® This is suggested by the fact that the patient 
doubtless had migraine headaches and that these recurrent headaches 
were interrupted during the periods when he was suffering from recur- 
rent fevers, ^^ligraine is known to be a vasomotor disorder,^® and 
furthermore, this patient has been shown to have vasomotor disturbances 
associated with changes in his emotional state by the fact that one can 
raise the cutaneous temperature of an extremity by suggestion. It is 
possible that a similar vasomotor change in the thermoregulatory appara- 
tus may be responsible for his bouts of fever. 

SUMMARY AND CONCLUSIONS 

A case is presented in which the patient had sufTered for many years 
with periodic sick headache and for thirteen years with frequently recur- 
rent bouts of fever up to 40 C (104 F.). At inter\^als during this 
time he was hospitalized and carefully studied at three large institutions. 
An infectious, neoplastic or metabolic cause for his fever was never 
demonstrated, and indeed, the patient did not show loss of weight, 

18. Wolff, H. G. : Personality Features and Reactions of Subjects with 
Migraine, Arch. Neurol. & Psychiat. 37:895 (April) 1937. 
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debility or other evidence between attacks of being physically ill during 
or at the end of the thirteen years. Numerous therapeutic measures 
were ineffective in halting the attacks. After a personality study during 
which a great many personality disorders were uncovered, he was 
given an opportunity to ventilate his conflicts and some aid in resolving 
them. During this regimen his recurrent fevers stopped, and he had 
neither fever nor headache for nearly a year. Finally, while living in 
another part of the country where it was no longer possible for us 
to follow him up closely, the patient suffered a recurrence of his inter- 
mittent fevers. This occurred in a setting of unusual tension and anxiety. 
The fevers are believed to be due to a temporary derangement in the 
thermoregulatory centers of the brain, possibly of a vascular nature, 
arising in a setting of anxiety and insecurity in a rigid, compulsive person 
who has had migraine. 
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DISEASES OF THE HEART 

A REVIEW OF SIGNIFICAKT CONTRIBUTIONS MADE DURING 19-11 
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With the Editorial Assistance or Paul D. White, AI.D. 

boston 

THE HEART IN WARTIME, WITH SPECIAL REFERENCE TO 
NEUROCIRCULATORY ASTHENIA 

Near!}' every one sensible of the war has felt its imjiacl in some degree. 
Those within sight and sound of the shock of battle are affected most, but 
the rest do not escape. In addition to direct injury, disease and starva- 
tion. the increase in physical and psychologic stress and strain will most 
assuredly result in increased wear and tear on the body, including the 
cardiovascular system. The hours and the tempo of work will be 
increased, and older persons will forego, or will be called back from, 
retirement. There will be many causes and occasions for grief and 
anxiety. And the wholesale readjustment resulting from war will cause 
much concern. 

Just how this will affect the incidence and aggravation of heart 
disease will never be known exactly. But already there have been maip' 
instances of the development of angina pectoris, congestive failure and 
m3'0cardial infarction which are attributable to the war. Also of impor- 
tance may perhaps be the hastening of degenerative processes, such as 
coronary atherosclerosis, which will eventual^ result in heart disease. 
Even if in the case of a single person the effect is slight, it assumes 
great importance when multiplied by the millions of persons involved. 
Compensations will probably result in that benefits will come from an 
increase in the knowledge of nutrition, traumatic heart disease and neuro- 
circulatory asthenia, and the actual incidence of certain diseases associated 
with overnutrition, especially diabetes and hypertension, is likely to 
decline. 

Neurocirculatory asthenia continues to be the most controversial 
wartime cardiac problem. There arc some physicians who refuse to 
recognize it as a clinical syndrome. There are others who have found 
it wise to treat a patient with this condition as an ordinary medical 

From rVie Cardiac Clinic oi the MassacVinsctts General Hospital. 
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patient suffering from fatigue without referring him either to a cardi- 
ologist or to a psychiatrist and in this way to avoid overemphasis either 
of the cardiac or of the mental state in the patient’s mind. But by what- 
ever name their condition is called and no matter what the emphasis, 
soldiers who display the symptoms commonly referred to as effort 
syndrome (England) or neurocirculatory asthenia (United States) con- 
stitute one of the important wartime medical problems. The small 
incidence of this disorder in the United States Army recruits is grossly 
misleading ; potential cases are not recognized. 

Wittkower, Rodger and Wilson^ have made a careful study of 50 
unselected soldiers aged 20 to 54 with clearcut effort syndrome. In 
their civil life 15 were sedentary workers and 35 were manual laborers. 
It is significant that no fewer than 29 had noticed their first symptoms 
in civil life, 10 during noncombatant service abroad, 4 after fighting 
experiences and 1 while in a hospital. After a thorough cardiologic 
investigation the patients were submitted to a three to six hour psycho- 
logic examination covering their whole life history. 

Wittkower and his associates found that breathlessness was uni- 
versally experienced and was the presenting symptom in 21 of their 50 
patients and that dizziness, cardiac pain, palpitation, headache, nervous- 
ness, sleeplessness, undue sweating, tremor, fatigue while at rest, indi- 
gestion, nightmares, cramps, numbness, faintness, constipation and 
blurring of sight followed in that order. The chief cardiac symptoms, 
dyspnea, pain, palpitation and fatigue, were usually complained of only 
after the patient had made some slight effort, but in a few cases these 
symptoms were present when the patient was at rest. 

' As a result of the psychologic examination Wittkower and associates 
were enabled to detect a significant frequency of the following personality 
types : 


Group 1. This group was made up of 20 men characterized by an 
unusually keen sense of duty and by a rigid and deep morality. As 
children, the majority had been serious minded, had worked rather than 
played in their spare time and had had an undue sense of obligation. 
They were obedient to the point of submissiveness, never told lies and 
felt unduly guilty about minor lapses. They were poor leaders, did not 
get into fights and were poorly poised. Nearly all were retarded in 
their sexual development and were shy in the presence of girls. ^ In their 
occupations they were industrious and efficient, with perfectionistic ten 
dencies. They avoided the minor indulgences of life ; 12 of t e 
were teetotallers, 6 were moderate drinkers and only 1 drank excessive y. 
They had little interest in sexual matters, and many were religious. 


1. Wittkower, R; Rodger, T. F., and Wilson, A. T. M.: Effort Syndrome, 
Lancet 1:531, 1941. 
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Group 2. The 11 members of this group were similar to those in 
group 1 in their overconscientiousness but were more aggressive. Most 
of them had had an unhappy childliood. Feelings of inferiority were 
often concealed by a strong desire for independence, by overweening 
ambition or by a compensatory self-assertive, self-righteous attitude. 
Later in life their ambitious drive qualified them as efficient workers, 
but when faced with frustration, they tended to be resigned grousers 
rather than open rebels. 

Group 3. This group comprised 3 men who.‘;e lifelong aggressive- 
ness had arisen in childhood under ciixumstanccs similar to those which 
had produced the grousing resentment of the men in group 2. They 
were open rebels and had repeatedly been in trouble. 

Group 4. This group consisted of 12 men with inferior physique 
combined with emotional and instinctual immaturity. They were 
delicate as children, and S of the 12 were unfit for games. They sought 
protection rather than fight their own battles. Their feelings of inade- 
quacy made them sh}* and retiring. They put forth considerable effort 
in their occupations but often failed. On joining the service they 
suffered unduly from the separation from family and often broke down 
during training. 

Group 5. This consisted of a well defined group of 4 soldiers who 
laclced the severe sense of duty found in the others and who were 
described as “quitters.” They were’ physically and psychologically 
inferior and had “apparently given up the struggle for existence before 
it had properly started.” 

Wittkower and his associates then considered the predisposing and 
precipitating factors. They found evidence of life-long physical inferior- 
ity in 15 of the 50 patients, and IS gave a long history of nervousness 
and of breakdown prior to the onset of effort syndrome characterized 
by anxiety, restlessness and severe phobias. Possible precipitating 
factors were found to be emotional strain (34), physical strain (23), 
febrile illness (21), abuse of nicotine (5), accident (4) and gas poison- 
ing (1). An analysis of the various types of acute or chronic emotional 
disturbances (in 34 of the 50 patients) showed marked variation in the 
five personality groups. With respect to causation the fundamental 
importance of emotional factors is stressed, but the authors point out 
that this would be incomplete unless the various other factors encountered 
were taken into account. They illustrate the difficult and complex nature 
of the causation of effort syndrome with 2 case reports. They conclude 
that the only constant factor in determining the occurrence of effort 
syndrome is the preexistence of a “character” disorder, and among the 
precipitating factors emotional disturbances were the commonest. 
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Wittlcower, Rodger and Wilson’s contribution was intended “to 
assess the relative significance of the various etiological factors encoun- 
tered.” This assessment was made. That they “encountered” all of the 
significant etiologic factors cannot be proved, and the authors express 
themselves cautiously with respect to causation and stress its complex 
nature. Some of the uncertainty rests in the fact that it is difficult to 
prove the correctness of a psychiatric opinion. Psychiatrists readily dis- 
cover character disorders ; they seem quick to regard as expressions of 
abnormality those very traits which have so long been considered virtues. 
It seems to us that the five groups can be broken down into two main 
groups with three subdivisions in the first and two in the second. It is 
not surprising that Wittkower and his associates found none of their 50 
patients to be emotionally well adjusted, and this fact alone cannot be 
used to prove a common causation of the effort S 3 'ndrome. On the other 
hand, it does appear that the symptoms in some, if not a majority, of 
their particular patients could best be explained on the basis of emotional 
factors. It is probable that their group of patients does not represent the 
total experience of this disorder. 

Jones and Lewis - have reported an interesting study on more than 
200 soldiers who were admitted to an emergency hospital during a 
twelve month period with conditions given the diagnosis of effort syn- 
drome. In their own words. 

The inquiry has been directed to the phenomena ; the mechanisms at work in pro- 
ducing them; the external (environmental) causes, remote or recent, which have 
set these mechanisms in action; and the internal (constitutional) causes which 
have enabled external causes to act thus. Prognosis and treatment have also been 
considered. Physiological and ps 3 'chological data, collected in the course of a more 
restricted and detailed investigation, are not included here. 

In discussing the “phenomena” Jones and Lewis point out that the 
phj’^sical phenomena of effort syndrome have often been fully described 
and that they have nothing to add, but that the subjective or obviously 
psychologic phenomena have received little attention. They inquired into 
the mood and outlook in each of their patients and found that 76 per cent 
had conscious fear accompanying their symptoms at times and that 72 
per cent had attacks while at rest corresponding to the familiar anxiet} 
attack. They found that hypochondriacal phenomena were not uncom 
mon. Fifit 3 f-three per cent of the patients were unduly preoccupie vit 
their symptoms, and 64 per cent expressed the belief that they had some 
disease of the heart. 

The authors state: 

The mechanisms can be seen physiologicalb' as those of the 
pS}’'chologically as those of emotional expression ; this familiar ua is a i 

2. Jones, M., and Lewis, A.: Effort Syndrome, Lancet 1:813, 1941. 
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pragmaticallj' justifiable, though the two types or mechanisms can more properly 
be regarded as two aspects of the same complex happening, each capable of more 
or less separate and independent activation. Thus fear, as a subjective experience, 
will as a rule be accompanied bj’ somatic (autonomic) manifestations sweating, 
goose-flesh and dry mouth— but fear may be experienced without these physical 
signs, and some at any rate of these physical signs may be exhibited (for instance, 
under the influence of drugs) without the subject feeling the same quality of 
emotion. As to their prevailing mood, 50% of the men were depressed and over 
70% showed evidence of anxiety. . . . 

It is difficult to describe the psychological mechanisms (as apart from the 
causes) - whereby sjnnptoms are produced. A mechanism implies a fixity of per- 
formance, no matter how it is set going or where it is occurring, which is difficult 
to distinguish in the details of individual psychological behaviour, the nearest 
approach to it being evident in the development of habits, or so-called complex 
conditioning. There are at present several psychological theories— for example, 
the Pavlov thcorj- of conditioned reflexes and the various hormic and libidinal 
theories of dj'iiamic psychologj- — in terms of which the mechanism of symptom 
formation in these patients can be described, but such alternative explanations, 
equally plausible and equally disputable, are rightly suspect. 

There is, moreover, no such regularity in the psychological as in the physical 
phenomena, since bj' definition certain physiological phenomena, such as breath- 
lessness, must be present, and the physical apparatus subserving these phenomena 
must therefore be in action, whereas there is no word of explicit psychological 
phenomena in the definition. Consequently the term includes patients with anxiety 
and depression of which they are aware, as well as those who arc not conscious of 
any such feeling; patients who are hysterically keeping up and fostering their 
symptoms, along with others who hypochondriacally fear theirs ; some whose symp- 
toms are physiogenic, as after severe influenza; and some wlio liave no symptoms 
that cannot be interpreted as plain fright. There is a constant temptation to single 
out one of these groups and call it true effort syndrome. Acually the problem is 
not that of effort s 5 mdrome but of anxiety neurosis, hysteria, hypochondriasis, 
post-influenzal fatigue and other states which are all lumped together under this 
umbrella; and the rnechanism is as little or as much known as the pathology of 
these familiar conditions. We have not found anything peculiar to effort syndrome 
in the psychopathology of the cases seen here. Studies of the inter-relation of the 
psychological and physiological phenomena are more to the point, as are studies of 
the psychological aspect of causation, next to be discussed. 

Jones and Lewis then turn to a discussion of external and internal 
causes. Among the immediate external causes (army life) work or 
effort was less significant than they had expected it to be. Only 47 per 
cent of the entire group reported that the work they were doing when 
their symptoms began was heavier than that to which they were accus- 
tomed. Other immediate factors were exhaustion, infection, lack of sleep, 
separation from family, financial worries, etc. Almost equally important 
were remote external causes, such as psychologic traumas in childhood 
and parents with similar symptoms. With respect to internal causes the 
authors found that soldiers with effort syndrome are not, as a group 
more asthenic in build than healthy soldiers and that they have a normal 
distribution of intelligence. However, they found a study of “function” 
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more enlightening. Fifty per cent of their patients had symptoms of 
vegetative disorder, such as breathlessness, palpitation, excessive sweat- 
ing or diarrhea on slight provocation of an emotional sort. Thirty- 
eight per cent found it difficult or impossible to wear a gas mask, as it 
made them feel they were choking and breathless. Forty per cent had 
not played any games, and only 25 per cent had fairly good athletic 
records. Half of the men had shown definite neurotic traits and t\vo 
thirds a more or less pronounced anomaly of personality. In discussing 
the nature of the disorder, Jones and Lewis state: 

The evidence is that effort syndrome is not a homogeneous group from any clinical 
standpoint, though administratively and practically there are ' excellent reasons for 
delimiting it. The syndrome is, however, in its setting, causes and form, a neurotic 
one. This is not to say that it is mainly a psychogenic disorder. Neurosis, like 
all mental disorders, can be in considerable measure physiogenic (as postencephalitic 
obsessional neurosis, postinfective neurasthenia and post-concussional personality 
disorder illustrate), but it does have to exhibit disturbances of function at a high 
level of integration — i. e., psychological disturbances — and its symptoms must not 
be such as can be properly attributed to definite and recognisable organic disease. 
In this sense effort syndrome is a neurosis. Such a classification does not pre- 
judge the issue of what physiological mechanisms are at work nor indicate that 
psychological treatment is necessarily called for in all cases. A neurosis is a 
disorder of the patient, not of his disembodied mind only, or of his mindless body 
only, if such things can be conceived of. In a neurosis, physiological phenomena, 
either constitutional or temporary and reversible, will occur along.with more con- 
spicuous psychological ones. This is true of all illnesses that can be classified as 
mental disorders, of whatever degree or type — neuroses and psychoses, physiogenic 
and psychogenic. The distinction is only one of convenience at bottom. 

We have therefore not been satisfied with effort syndrome as a diagnosis, but 
have classified the cases (100 successive admissions) as follows; anxiety state, 
acute 17%, chronic 14%; depression 12%; psychopathic personality 18%; hysteria 
11%; postinfective 11%; hyperventilation tetany 1%; organic disease 11%; high- 
grade mental defect 4% ; schizophrenia 1%, 

Treatment consisted of graduated exercises, systematic occupation 
and psychotherapy. The last-named treatment was not different from 
that given to other neurotic patients. The prognosis for the group was 
only fairly good. About 20 per cent of the patients were apparently cured 
and returned to the army for full duty ; a similar percentage wei e dis- 
charged from the army as unfit. The remaining 60 per cent were returne _ 
to the army for light duty. A follow-up stud}'' of a large sample of those 
returned to the army revealed that a third did 'wmll, a quarter did mo 
erately well and the remainder had to be discharged as unfit. 

Jones and Lewis agree in a broad way with Wittkower and associates 
that effort syndrome is essentially a mental disorder. This conclusion 
certainly seems justified from the data they present. This does not 
remove the possibility that a more adequate explanation for the symp 
tomatology of effort may be found. 
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Wood ^ has approached the problem of neurocirculatory asthenia 
(or Da Costa’s syndrome, the term for which lie states a preference) 
from a somewhat different point of view than Wittkower and associates ^ 
and Jones and Lewis - but has reached the same general conclusion after 
close personal contact with 300 patients. 

He immediately challenges the observation of Lewis that the 
symptoms are often no more than exaggerated manifestations of the 
healthy responses to effort. He compares the symptoms as found in 200 
of his patients with those in 50 healthy subjects after exercise and con- 
cludes that a different mechanism probably determines the symptoms in 
the two instances. On the other hand, a comparison of the symptoms 
and signs of Da Costa’s syndrome with those produced in normal persons 
by some of the unpleasant emotions or in patients with psychoneurosis 
reveals a great similarity. 

Wood then reports his critical obsen^ations on the mechanism of the 
somatic manifestations and attempts to show that the chief symptoms 
and signs of Da Costa’s syndrome are directly or indirectly the result of 
a neurosis and are not the expressions of an abnormal physiologic 
response to effort. 

A careful study was made of the cause and site of origin of the pain 
in the chest in selected patients. It was shown that tenderness and pain 
in 11 patients was abolished after the local injection of procaine hydro- 
chloride into the intercostal muscle. Cutaneous anesthesia was never 
obtained, showing that the intercostal nerve was not blocked. It was 
logically concluded that the pain was of local origin and not referred 
from the heart or elsewhere. It was further shown that inframammary 
pain on the left side was usually associated with poor movements of the 
diaphragm and with poor thoracic expansion and that sometimes it was 
obviously the result of muscular strain. Wood concludes this section as 
follows : 

Left inframammary pain arises in local muscular or fibrous tissue; it may be due 
to fatigue or strain of certain muscular attachments involved in such actions as 
cranking a lorry or lifting a heavy weight ; to incessant minimum trauma from the 
overacting heart of cardiac neurosis; it is predisposed to by poor physique in 
Da Costa’s syndrome ; it is maintained and exaggerated by the belief that it arises 
in the heart. Several of these factors maj' operate together. 

Other signs and symptoms were analyzed in a similar fashion, and 
evidence is given in support of the contention that they are chiefly 
related to anxiety. Of particular interest is the discussion of breathless- 
ness and hyperventilation. Wood believes that the most probable 

3. Wood, P.: Da Costa’s Syndrome (or Effort Syndrome), Brit. M. J 1 : 
767 and 806, 1941; Aetiology of Da Costa’s Syndrome, ibid. 1:845, 1941. 
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explanation is that the stimulus is emotional. With regard to the 
“hyperventilation theory” he concludes: 

The total evidence indicates that hyperventilation cannot be held responsible for 
the symptoms and signs of Da Costa’s syndrome, neither by causing tissue alkalosis 
nor by interfering with the circulation ; but, apart from rare organic causes, merely 
one mechanism by which psychosomatic manifestations are produced. It is com- 
monest in the hysteric. 

Thus Wood, having reached the conclusion that the signs and symp- 
toms of Da Costa’s syndrome ai-e produced by central stimulation, turns 
to a consideration of the real nature of the disorder, namely, the origin 
of the central stimulation. By careful analysis of case histories he shows 
that the central stimulus is emotional and is commonly the result of 
fear. He states: 

The reaction becomes linked to effort by a variety of devices, which include mis- 
interpretation of emotional symptoms, certain vicious circular patterns, the growth 
of a conviction that the heart is to blame, consequent fear of sudden death on 
exertion, conditioning, and hysteria. 

Wood finally urges that the diagnosis of “effort syndrome” be 
dropped, as a proper psychiatric diagnosis is nearly always available. 

In our opinion Wood’s paper is likely to stand out as one of the most 
important contributions on the disorder which we now call effort 
syndrome or neurocirculatory asthenia. This is not so much because of 
his statement that it is a functional disorder — ^most observers are already 
of this opinion — ^but because he has given good proof for this belief and 
has pointed out a plausible mechanism. There is little doubt that his 
interpretation is the correct one for a majority of cases, and it is sup- 
ported by the findings of Wittkower and associates ^ and of Jones and 
Wilson,- who share the same general opinion. 

Parkinson ^ discusses effort syndrome from a more general stand- 
point. He fully appreciates the importance of the emotional factors but 
warns against too readily accepting the opinion that it is simply a psycho- 
neurosis and says: 

It is not certain how far this definition will carry us, because the term can be so 
readily applied to any form of ill-health which is imperfectly understood an 
unaccompanied by organic signs. After all, psychological variations and faults m 
healthy people are common enough. It could only be a bar to medical progress 
if psychoneurosis (or psychosomatic disease) remained a label and Jecame a 
dumping-ground for most unexplained illness, much as did neurasthenia m t le 
past. It is still to be decided how far psychotherapy is rational and e ectne 
treatment; besides, an explanation for the predominance of circulatory symptoms, 
the relation of effort, and the relative uniformity of the clinical picture is 
forthcoming. Certainly the time is ripe not only for psychological but for o e 
investigations, as it would appear that autonomic nervous, endocrine, respira i 

4. Parkinson, J.; Effort Syndrome in Soldiers, Brit. M. J. 1:545, 1941. 
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and metabolic factors may also operate in effort syndrome, and will also engage 
the attention of the physician seeking a wider conception of its essential features. 
Doubtless this expanded approach has much to commend it, and will deepen and 
broaden our vision of what is at present obscure in the rationale of effort syndrome. 

White ^ has discussed the problem of heart disease in soldiers. He 
first traces the development of present knowledge in this regard and 
points out that a considerable advance has been made in the last two 
decades in three important respects: (1) the rejection as new recruits 
of men with important cardiovascular lesions; (2) the early recognition 
of disabling cardiac conditions in the Army itself, and (3) the adoption of 
measures to protect soldiers from some of the causes of heart disease, 
particularly syphilis and rheumatism. 

In discussing the problems concerning the soldier and his heart for 
the future he states : 

In the first place, physicians must try to hold the great gains that have been made 
in the last generation; this is not hard to do in time of peace but undoubtedly 
more difficult under the stress and strain of rapid mobilization and war, when 
large numbers of new recruits must be e.xamined and enlisted. Some preparedness 
can be effected by careful universal periodic examination of the male population 
of military age in time of peace. This doubtless will some day be a routine public 
and private health measure. 

The important specific problems are: first, to learn far better tlian is now 
known the range of the normal heart as to size, sounds, action, roentgen picture and 
electrocardiogram ; second, to decide what minor abnormalities may be safely passed 
for military service; third, to detect at their very beginning lesions of the heart 
and aorta, especially acute rheumatism and syphilitic aortitis; fourth, to decide 
what newly acquired lesions or symptoms and signs arc compatible with military 
life and in what capaciw, and, finalfi’-, to study further the two chief problems of 
the army of the present day which are associated with cardiac lesions or symptoms, 
namely, coronary disease and severe neurocirculatory asthenia, in order to try to 
prevent or to minimize these conditions or at least to recognize them early, so that 
tliey may be avoided in new recruits or made a basis for discharge for disability 
of soldiers already in service. 

PHYSIOLOGY OF RESPIRATION 

The functions of the circulatory and the respiratory system are so 
intimately connected that a brief summary of certain of the recent 
advances in respiratory physiology seems not out of place here. Some 
of the newer observations are of great practical significance and have 
not yet been brought sufficiently to the attention of those engaged in the 
clinical practice of medicine. For a fuller description than is here given 
the reader is referred to Schmidt and Comroe’s excellent review.® 

5. White, P. D. : The Soldier and His Heart, War Med. 1:158 (March) 1941. 

6. Schmidt, C. R, and Comroe, J. H., Jr.: Respiration, in Luck, J. ]\r., and 

Hall, V. E.: Annual Review of Physiology, Stanford University, Calif. Annual 
Reviews, Inc., 1941, vol. 3, p. 151. ’ 
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The ph3-siology of respiration is logical^ divided into “external” 
and “internal” respiration. The remarks which follow are chiefly con- 
cerned with external respiration, which deals with the interchange of 
gases between the atmosphere and the lung and between the lung and the 
blood. Internal respiration deals more intimately with the actual process 
of tissue respiration. 

Breathing is the most important physiologic function, under both 
voluntary and involuntary control. Ordinarily, it is not a wilful act but 
is regulated automatically through reflex and chemical channels, in 
accordance with the metabolic requirements of the body. Breathing is 
iiormall}’ adjusted to maintain a fairly constant composition of the 
alveolar air, and it is alveolar air and not atmospheric air with which the 
bod}' remains in gaseous equilibrium. Alveolar air contains approxi- 
mately 14 per cent oxygen and 6 per cent carbon dioxide. If the respira- 
tions are abnormall}^ depressed, the percentage of oxygen in alveolar 
air decreases and the percentage of carbon dioxide increases, both 
changes being undesirable. If the respirations are abnormally increased 
(h}’perventilation), the percentage of oxygen increases, which is not 
undesirable, but the decrease in carbon dioxide may provoke undesirable 
symptoms. 

T/ic Respiratory Center. — ^It has long been customary to think of the 
respiratory center as a small discrete structure located in the medulla. 
However, the evidence cited by Schmidt and Comroe ° makes it seem 
certain that instead of a compact center there are man}' inspiratory and 
expiratory “spots” ” scattered bilaterally in the gray matter of the ventral 
reticular formation of the medulla overlying the upper four fifths of the 
inferior olive and probably an additional expiratory “center in the 
upper part of the pons. 

Normal rhythmic respiration probabl}' depends on periodic inhibition 
of the inspirator}' neurons by nen'e impulses aroused by the inspirator}' 
act. There is not entire agreement with regard to the reciprocal innerva- 
tion between the inspiratory and the expiratory neurons, but the former 
are apparently inhibited either by efferent impulses from the expiratory 
center in the pons or by afferent impulses carried by the vagi. 

In discussing the interrelations of chemical and reflex stimuli in the 
adjustments of the puhnonar}' ventilation, Schmidt and Comroe enpha 
size the dominance of the reflex factor and state that in their opinion 

... the time has come to reverse the traditional attitude and to look upon the 
changes in the chemical stimulus in the blood occurring under ordinary physiolooica 
as well as most pathological conditions as results rather than causes of changes m 
pulmonary ventilation. 

7. Pitts, R. F. : The Differentiation of Respiratory Centers, Am. J. Physiol. 
134:192, 1941. 
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With respect to chemical stimuli there is increasing evidence that 
normally carbon dioxide is the chief, if not the only, chemical stimulus 
to the center controlling respiration. It is doubtful if changes in pn have 
a direct eft'ect on the center. 

Respiratory reflexes may arise as a I'esult of pressure changes in the 
carotid sinus and aortic arch and, what is more important, as a result of 
stimulation of the chemoreceptors in the carotid and aortic bodies, here 
is evidence that the chemoreceptors are not an important factor in the 
control of normal respiration Ijy carbon dioxide because the respiratory 
center is much more sensitive to carbon dio.xide. However, change in pu, 
anoxemia and certain drugs act as relatively strong stimulants to the 
chemoreceptors. and their action on the center is weak or even 
depressant. 

Some Clinical Considerations . — iMuscular Exercise: The increase in 
respiration as a result of muscular exercise has usually l^een regarded as 
being due either to increased chemical stimulation of the respiratory 
center or to an increased sensitivity (to chemical stimuli) of the center. 
Recent observations, especially those of Neilsen,® have convincingly 
shown that the hyperpnea of muscular exercise is far greater than it 
should be if it were due to an increase in carbon dioxide, change in pn 
or lowered arterial oxygen saturation. The inference to be made is that 
some reflex factor is concerned, and there is some evidence that such 
reflexes do exist and that they pi'obably arise froni the muscles and 
lungs. 

The D3'spnea of Heart Failure : Much the same type of experimental 
evidence, as was already mentioned with reference to muscular exercise, 
has led to the conclusion that the dyspnea associated with heart failure 
is largely due to refle.x stimulation resulting from congestion of blood in 
the pulmonary circuit. However, in some instances at least, the decrease 
in cardiac output and the decrease in cerebral blood flow are important 
factors. 

The Hyperpnea of Anoxemia; This has been clearly shown to be 
due to reflex stimulation by way of the chemoreceptors in the carotid and 
aortic bodies. Moderate ox}'gen lack has practically no effect on the 
respiratory center and with greater lack the activity of this center is 
depressed, not stimulated. On the contrary, anoxemia acts as a strong 
stimulant to the chemoreceptors, and respiration is greatly augmented 
through a reflex mechanism. A depressant action is not observed until 
a profound degree of anoxemia is reached. 

Cheyne-Stokes Respiration: This phenomenon is usually associated 
with conditions causing depression of the respiratory center, but the 

8. Nielsen, M.; Die Respirationsarbeit bei Kbrperruhe und bei Muskelarbeit 
Skandinav. Arch. f. Physiol. 74:299, 1936. ’ 
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stimulant action of -anoxemia on the peripheral chemoreceptors persists 
and contributes in an important way. Thus, when respirations are 
decreased or abolished as a result of depression of the respirator}^ center, 
the arterial ox3^gen saturation falls. Despite some degree of depression 
of the chemoreceptors, the ox3'gen lack finalD becomes a sufficiently 
powerful stimulus and respiration is reflexly increased. This senses to 
increase the arterial ox3^gen saturation until the degree of anoxemia is 
no longer sufficient to stimulate the cliemoreceptors and apnea results. 
Thus one C3'cle is completed, and another cycle of alternate h3'perpnea 
and d3'^spnea begins. 

Anesthesia and Depression of the Respiratory Center : A few years 
ago IMarshall and Rosenfeld ° pointed out that if the respiratory center 
was sufficient!}’ depressed in animals as a result of barbiturate anesthesia, 
respirations might be maintained b}' the stimulant action of anoxemia 
on the chemoreceptors in the carotid and aortic bodies, and if conditions 
were just right, the administration of ox3'gen would reduce the ‘stimulus 
and lead to respirator}’' arrest. That this may be the mechanism of 
certain deaths in human beings is likely. Beecher and Moyer in their 
studies on the mechanisms of respirator}’ failure in dogs under evipal 
sodium (sodium C-C-cyclohexyenyl-N-methylbarbiturate) and pentothal 
sodium anesthesia have also shown that over a wide range of anesthesia 
oxygen lack (anoxemia) causes a great increase in pulmonar}’ ventilation. 
This is due entirely to stimulation via the carotid and aortic bodies,' which 
tends to mask the depression of the respiratory center. Under these 
circumstances, if the arterial oxygen saturation is sufficiently increased, 
the carotid and aortic bodies are no longer adequately stimulated. Res- 
pirations are slowed, and carbon dioxide is allowed to accumulate in the 
blood and tissues. The center has lost much of its abilit}’ to respond 
to carbon dioxide and will be further depressed by high concentrations. 
Respirations finally fail. The clinical implications are obvious, with 
respect both to the judgment needed in using barbiturates as anesthetics 
and to the danger of increasing the oxy’gen concentration of the inspired 
air when the respiratory center has been depressed. 

Carbon Monoxide Poisoning: A comparison of the effects of acute 
carbon monoxide poisoning and anoxemia in human beings affords 

9. ilarshall, E. K., Jr., and Rosenfeld. M.: Depression of Respiration by 
Ox 3 ’gen, J. Pharmacol. & Exper. Therap. 57:437, 1936. 

10. Beecher, H. K., and l^foyer, C. A.: Mechanisms of Respirator}’ 

Under Barbiturate Anesthesia (Evipal, Pentothal), J. Clin. Investigation -o , 
1941. 

11. (a) Asmussen, E., and Chiodi, H.: The Effect of Hypoxemia Ventda- 

tion and Circulation in Man, Am. J. Physiol. 132:426, 1941. (b) lo b 

Dill, D. B.; Consolazio, F., and Hon-ath, S. M.:_ Respiratory and Circulator} 
Responses to Acute Carbon ilonoxide Poisoning, ibid. 134:683, 1941. 
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considerable insight into the factors controlling respiration and circu- 
lation. It is shown that there is a markedly dilTerent respiratory and 
circulatory response to the two forms of hypoxemia even when the 
available ox 3 ^gen in the arterial blood is the same. The reason for this 
is that the carotid and aortic bodies are stimulated by a decrease in 
oxygen tension of the arterial blood and not by a decrease in oxygen 
content, at least of moderate degree. In acute carbon monoxide poison- 
ing, the oxygen content of the arterial blood is reduced but the tension 
is relatively little affected. In this circumstance hyperventilation does 
not occur; the cardiac output is not increased, but the pulse rate is 
raised. On the other hand, anoxemia resulting from oxygen lack 
decreases the oxj’^gen tension as well as the content of the arterial blood. 
This leads to hyperventilation, an increase in cardiac output and an 
increase in pulse rate. 

Carbon Dioxide Transportation: The absorption of carbon dioxide 
by the blood in the tissues and its evolution in the lungs proceeds at a 
much faster rate (seventy- five-fold) thair would be true according to the 
speeds of uncatalyzed chemical I'eactions involved. The limiting factor 
(i. e., the slowest step) is the reaction COo-f-HsO^^tlsCOs, and it has 
been shown that this is greatly hastened by the enzyme ‘‘carbonic 
anhydrase.” Now it has recently been shown that sulfanilamide 
strongly inhibits the action of this enzyme, and the question arose as to 
whether this drug would lead to retention of carbon dioxide and its 
consequent serious disturbances. The danger however, is apparent only in 
exhaustive exercise,^^ chiefly because the available amount of carbonic 
anhydrase is many times that of body needs and also because a part of the 
carbon dioxide transported will rapidly combine with hemoglobin (form- 
ing carbhemoglobin) with the aid of a catalyst. 

THE MEASUREMENT OF BLOOD PRESSURE 

Recent studies, previously reviewed, on the range of normal blood 
pressure led to the conclusion that the upper limit is around 120 mm. of 
mercury systolic and 80 mm. diastolic and the normal fluctuations, 
determined by repeated observations, are usually not over 10 mm. It 
was further stated that the lower limit of normal blood pressure is 
around 90 mm. systolic and 55 mm. diastolic. The commonly accepted 

12. Mann, T., and Keilin, D. : Sulplianilamide as Specific Inhibitor of Carbonic 
Anhydrase, Nature, London 146:164, 1940. 

13. Roughton, F. J. W. ; Dill, D. B.; Darling, R. C.; Graybiel, A.; Knehr, 
C. A., and Talbott, J. H. ; Some Effects of Sulfanilamide on Man at Rest and 
During Exercise, Am. J. Physiol. 135:77, 1941. 

14. Graybiel, A., and White, P. D.: Diseases of the Heart: A Review of 
Significant Contributions Made During 1939, Arch. Int. Med. 65:1053 (May) 1940 
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view of a positive relation between hypertension and body build has also 
been statistically confirmed; thus, in a random group of hypertensive 
subjects there will be nearly three times as many who are overweight 
as ones who are underweight. The recent trend has been, therefore, to 
revise downw^ard the criteria for normal blood pressures and to narrow 
the borderland between the normal and the abnormal. The recent 
recommendations of the American- Heart Association with regard to the 
technic of blood pressure determination were made with the hope that 
by standardizing the instruments and the technic, the difference in 
measurement among examinees would be reduced. 

This whole question of greater accuracy in the determination of blood 
pressure and the sharper definition of normal blood pressure gives par- 
ticular point and application to the observations of Rogan and Bardley.^® 
They undertook to test the accuracy of clinical measurements of blood 
pressure by a comparison of readings obtained simultaneously by direct 
(intra-arterial) and indirect (auscultatoiy) measurement. 

With respect to S3’'stolic pressure Rogan and Bardley found that the 
agreement between the direct and the indirect measurement was affected 
both by the size of the subject’s arm and by the contour of the pulse 
wa^'^e. The}'' found that when the pulse wave was of an “empty, peaked” 
type, the auscultatory reading tended to be too low, whereas with a 
relatively full pulse there was good agreement between intra-arterial and 
auscultatory readings. Much more important, however, was the size 
of the arm. The auscultatory measurements of systolic pressure are 
usuall)'^ too low in subjects with small arms and too high in subjects 
with large arms. In occasional subjects they found the auscultatory 
measurements to be grossly inaccurate (30 mm, above or below the intra- 
§,rterial pressure), but when the subjects with aortic insufficiency and 
those with upper arms greater than 35 cm. or less than 24 cm. in cir- 
cumference were excluded, the auscultatory readings Avere within ±10 
mm. of the intra-arterial pressure in 83 per cent of the comparisons. 
From this they conclude that false diagnoses of arterial hypertension aie 
likel}' to be made in large or obese persons and false diagnoses of hypo- 
tension onl}’’ in small- or emaciated persons. In some obese subjects it 
was found that the substitution of a Avide (20 cm.) blood pressure cuff 
for the standard (13 cm.) cuff afforded more accurate auscultatory 
measurements both of s^'stolic and of diastolic pressure, but in most 
subjects the Avide cuff jdelcled measurements Avhich Avere too low. 

With respect to diastolic pressure the auscultatory estimates Avere 
found to be usually too high, the mean deviation being -f-S mm. of mer 

15. Rogan, C., and Bardley, J., HI : The Accuracy of jClmical 
of Arterial Blood Pressure, with a Note on the Auscultatory ap, u 
Hopkins Hosp. 69:504, 1941. 
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cury in 101 compai'isons (excluding the subjects with aortic insuf- 
ficiency). The positive deviation increased with increasing size of 
ami and was of an order of approximately 3 mm. for each 1 cm. 
increase in arm circumference. As was to be expected in some instances 
of aortic regurgitation, the auscultatory measurement of diastolic pres- 
sure was much too low. 

AUSCULTATION' 

Rappaport and Sprague have presented an important analysis of 
the characteristics of human hearing which arc related to auscultation. 
This material is followed by a description of cardiac sounds, murmurs 
and noncardiac chest sounds from a physical point of view. A theoretic 
analysis of the action of the acoustic stethoscope and various chest pieces 
(open bell and diaphragm bell types) is made and verified by experiment. 
For practical purposes it is shown that in auscultating the heart both 
an open bell and a diaphragm bell may be used to advantage. They point 
out that the important consideration with respect to the 0 ])en bell is to 
keep its internal volume at a minimum and have it so shaped that it will 
not too readily fill with flesh when applied to a patient’s chest. In the 
case of the diaphragm bell the air space should be small in order to 
obtain maximum efficiency. The tubing should be as short as possible. 

An instrument is also described (including the underlying theoretic 
principles) which is capable of amplifying the auscultatory sounds with- 
out altering their character and which simultaneously registers a phono- 
cardiogram, an electrocardiogram and a sphygmogram. 

The authors show that when a patient is auscultated by the usual 
stethoscope, the observer definitely does not hear the cardiac sound vibra- 
tions as they actually exist at the source, because of three major forms 
of modification, namely: 

1. The heart sounds are modified in their path of travel from the 
source to the surface of the chest by intervening tissue. 

2. The vibrations that reach the surface of the chest are further 
modified by the stethoscope and the type of chest piece employed. 

3. The human hearing mechanism (that is, the ear, the nervous 
pathways and the brain) additionally modifies the heart sound vibrations. 

The study of acoustics as related to auscultation, therefore, deals with 
the vibrations or disturbances set up in the chest and their transmission 

through the structures of the chest, as well as through the stethoscope 

with resulting auditory perceptions. 

16. Rappaport, M. B., and Sprague, H. B.: Physiologic and Physical Laws 
That Govern Auscultation, and Their Clinical Application, Am. Heart J 21*257 
1941. ' • • . 
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In phonocardiography certain standards must be decided on and 
faithfully adhered to. The authors have suggested phonocardiographic 
standards based directly on the stages of sound modification encountered 
in ordinary auscultation. Thus, three distinct types of phonocardio- 
graphic registration are considered : linear, stethoscopic and logarithmic. 

Linear phonocardiography registers graphically the mechanical vibra- 
tions set up by cardiac action as they exist on the surface of the patient’s 
chest — that is, the deviation of the recording galvanometer beam is pro- 
portional to the intensity of the vibration at the surface of the chest. 
The stethoscopic system of phonocardiographic registration does not 
register the cardiac sound vibrations as they exist on the surface of the 
patient’s chest but as they are presented to the ears of an observer by an 
average acoustic stethoscope. The logarithmic phonocardiogram is a 
graphic representation of the cardiac sound vibrations as they are actually 
heard or perceived by an average observer of normal hearing when an 
average acoustic stethoscope is used. That is, the modifications of the 
stethoscope plus those of human hearing are taken into consideration. 

According to the authors, an acceptable phonocardiographic instru- 
ment must be capable of linear, stethoscopic and logaritlimic registration, 
as each system supplies certain information which the others cannot 
supply. An understanding by a physician of the underlying phonocardio- 
graphic principles described in this investigation is also considered by the 
authors to be essential to the interpretation of phonocardiograms. 

ELECTROCARDIOGRAPHY 

Hoff and Nahum and their associates have reported their interest- 
ing observations on the genesis of the normal and the abnormal electro- 
cardiogram in experimental animals. They obtained curves after cooling 
and warming the heart and after extinguishing electrical activity over 
various portions of the epicardium by means of potassium chloride. 

They found that curves obtained after extinction of the electrical 
activity over one ventricle resembled those derived directly from the 
surface of the other ventricle. Such curves were called dextrocardio- 
grams and levocardiograms. The dextrocardiogram is mainly upright 
in the three limb leads, and the levocardiogram is mainly inverted. The 

17. (a) Nahum, L. H.; Hoff, H. E., and Kaufman, W.: Formation of the 
R Complex of the Electrocardiogram, Am. J. Physiol. 134:384, 1941; ^ 

Nature of Leads I and III of the Electrocardiogram, ibid. 134:390, 1941; (c) on 
figuration of Anterior and Posterior Septal Extrasystoles in the Standard ea s 
of the Electrocardiogram, ibid. 134:398, 1941 ; (tf) Influence of Right an e 
Ventricles on the Electrocardiogram, ibid. 131:687, 1941; (c) The Sign: cance 
of Displacement of the RS-T Segment, ibid. 131:693, 1941. (/) Hoff, H. .» nn 
Nahum, L. H. : The Factors Determining the Direction of the T Wave : t he 
Effect of Heat and Cold upon the Dextro- and Levocardiogram, ibid. 131:700, 
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electrocardiogram Avas found to be the algebraic sum of the dextrocardio- 
gram and the levocardiogram. 

It Avas obsei-A^ed that Avhen the left ventricle alone Avas injured dextro- 
cardiograms Avere ahvays obtained and the RS-T segments Avere ele- 
vated m each lead and Avhen the right ventricle Avas injured only levo- 
cardiograms Avere obtained, Avith the RS-T segments depressed in all 
leads. In each instance the greatest displacement of the RS-T interval 
Avould be in lead II, because lead II is the algebraic sum of leads I and 
III. HoAvever, Avhen the anterior surface of the heart Avas injured, thus 
involving both the right and the left A^entricle, the RS-T segment Avas 
elevated in lead 1 (posterior dextrocardiogram ) and depressed in lead 
III (posterior levocardiogram). When the posterior surface of the heart 
(apex and posterior septal region) Avas injured, the RS-T interval 
Avas depressed in lead I (anterior levocardiogram) and elevated in lead 
Hi (anterior dextrocardiogram). In addition to the clinical implica- 
tions, these results suggested that in the normal heart lead I represents 
chiefly the interference betAveen the action potentials of the anterior sur- 
face of the left verticle (anterior leA^ocardiogram) and the posterior 
surface of the right ventricle (posterior dextrocardiogram) and that 
lead III represents the algebraic sum of the anterior dextrocardiogram 
and the posterior levocardiogram. Lead II appears to record from the 
entire heart. This conclusion AA’as supported by studies on the T AA’aves, 
R AA'-aA'cs and extrasystoles now to be described. 

Holt and Nahum and associates found that heating and cooling the 
right or the left ventricles shortened or lengthened, respectively, the 
dextrocardiogram or the levocardiogram. They observed that in the 
dog the dextrocardiogram begins first and ends sooner than the levo- 
cardiogram, and consequently the T Avave is inverted. When the left 
A'entricle Avas Avarmed, the levocardiogram became shorter, and the T 
Avave became upright, Avhereas if the right ventricle Avas Avarmed, the 
dextrocardiogram Avas shortened and the T Avave became deeply inverted. 
The opposite effects Avere produced by cooling. Changes in the amplitude 
and the direction of the chief initial ventricular deflection Avere produced 
and explained in this same manner. They observed : 

When the anterior surface of the heart Avas cooled by a thermal chamber covering 
portions of both right and left ventricles, oppositely directed T waves appeared as 
follows: a, a prolonged, inverted T Avave appeared in lead I, indicating in this 
lead the influence of a prolonged levocardiogram Avhich could have been derived 
only from the cooled anterior surface of the left ventricle ; b, in lead III the T Avave 
Avas upright and prolonged, indicating the influence in this lead of a prolonged 
dextrocardiogram Avhich could have been derived only from the anterior surface 
of the right ventricle. Lead I therefore must have recorded preponderantly from 
the anterior surface of the left ventricle. The results obtained by warming the 
anterior surface also shoAved oppositely directed T Avaves in leads I and III. In 
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this case, however, Ti was upright, indicating curtailment of the anterior dextro- 
cardiogram. This substantiates the hypothesis that the anterior levocardiogram is 
recorded in lead I, while the anterior dextrocardiogram is recorded in lead III. 

When the posterior surface of the heart was warmed, the T waves 
became inverted in lead I and upright in lead III, whereas after cooling 
the T wave became upright in lead I and inverted in lead III. 

With respect to ventricular premature beats it was found that stimu- 
lation of the major portion of the left ventricle resulted in beats showing 
initial dowmward deflections in the three leads, while stimulation of the 
major portion of the right ventricle resulted in beats showing initial 
upward deflections in the three leads. Premature beats arising from the 
anterior septum were found to be comparable with ventricular complexes 
at present interpreted as having right axis deviation (initial deflection 
down in lead I and up in lead III), while the opposite is true of those 
arising from the posterior septum. 

Hoff and Nahum and their associates indulge in little speculation 
wdth regard to how far their results might be used in explaining some 
of the electrocardiograms obtained on patients. Certainly their methods, 
especially the use of heat and cold, are not comparable to what might 
occur in a human being. Also, the levocardiograms and dextrocardio- 
grams they obtained do not resemble in their initial portions (duration 
and form of QRS) the corresponding portions of true levocardiograms 
and dextrocardiograms. However, this difference may not vitiate all 
their conclusions, but any conclusions regarding the representation of 
various portions of the heart in leads I and III in dogs might not prove 
to be true for human beings, because the same regions of the heart are 
not in contact with good conductors. 

White, Leach and Foote have called attention to errors in existing 
methods of measurement of the PR (or PQ) interval and QRS duration 
in electrocardiograms. The authors point out that it is common practice 
to accept the longest intervals for PR and QRS as the correct ones in 
any given record and that the PR interval is usually measured in lead II. 
However, in occasional records the initial deflections of QRS in leads 
I and III are of equal amplitude but oppositely directed, thus producing 
an isoelectric phase in lead II. Thus, in measuring from the beginning 
of P to R in lead II, a portion of the QRS complex would be added which 
might be sufficient to make the apparent duration of PR abnormall} 
long. This, in turn, might lead to a false interpretation of serious 
import, which was exactly the circumstance that first brought the matter 

18. White, P. D.; Leach, C. E., and Foote, S. A.: Errors in Measurment of 
P-R (P-Q) Inten^al and QRS Duration in the Electrocardiogram, Am. tiea j- 
22:321, 1941. 
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to the authors’ attention. A simple method of avoiding this error is pre- 
sented, namely, subtracting the figure for the widest QRS wave from that 
for the longest PS duration (that is, from the beginning of P to the end 
of S). 

It is now well known that a number of factors in addition to heart 
disease per se may cause lowering or inversion of the T waves of the 
electrocardiogram. Two recent papers have emphasized the importance 
of the position of the heart in the thorax as a cause of significant lower- 
ing or inversion of the T waves in leads II and III. Most commonly 
the abnormal appearance of the T waves is observed when the record is 
obtained while a subject or patient is seated. On changing to the recum- 
bent position, the T wave abnormalities disappear. Evidence is given 
to support the contention that the T wave cliangcs arc not due to anox- 
emia of the myocardium. The important practical conclusion is evident, 
namely, that it is often necessary to obtain an electrocardiogram when 
the patient is recumbent in order properly to evaluate lowering or inver- 
sion of the T waves in leads II and III. 

Low voltage of the QRS complexes of an electrocardiogram in all 
of the limb leads has long been considered to be a significant finding. 
Because most of the electrocardiographic studies have been carried out 
on patients, in whom low voltage of the QRS complexes is not infre- 
quently observed, this sign was commonly regarded as of pathologic 
significance. Plowever, as electrocardiograms came to be taken on nor- 
mal subjects in larger numbers, it was often found that the voltage of 
QRS in the limb leads was “abnormally” low, and this fact has recentl}' 
been emphasized by Leach and associates."® They analyzed 300 cases in 
which there was low voltage of the QRS complexes (in one-third in the 
limb leads alone, in one-third in lead CF^ alone and in one-third in all 
four leads) and found that many factors in addition to heart disease 
were responsible for the low voltage. Their study indicated that the 
solitary finding of low voltage of the QRS in any or all of the four leads 
studied is of little or no diagnostic value regarding the presence of 
heart disease or any other disorder. Bellet and Kershbaum have found 
that one chest lead alone may yield curves of low voltage. They believe 

19. (a) Scherf, D., and Weissberg, J.; The Alterations of the T-Waves Caused 

by a Change of Posture, Am. J. M. Sc. 201:693, 1941. (b) White, P. D.; 

Chamberlain, F. L., and Graybiel, A,: Inversion of the T Waves in Lead II 
Caused b}" a Variation in Position of the Heart, Brit. Heart J. 3:233, 1941. 

20. Leach, C. E. ; Reed, W. C., and White, P. D. : Low Voltage of the QRS 
Waves in the Electrocardiogram with Especial Referencfe to Lead IV, Am Heart T 
21:551, 1941. 

21. Bellet, S., and Kershbaum, A.: The Significance of Low Voltage of the 
QRS Complex in Precordial Leads, Am. Heart J. 22:195, 1941. 
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reliance should not be placed on a single precordial lead for a diagnosis 
of low voltage and that in addition to leads CFg, CF^ and CF^, leads 
CB and CR should be taken. Using this criterion, they found that all 
of 20 patients who had low voltage both in the precordial and in the 
limb leads showed evidence of myocardial damage. 

Weinberg and Katz have called attention to an electrocardiographic 
pattern following cardiac infarction in which the T waves are simul- 
taneously inverted in leads I, II and III. This pattern was found in 
about 16 per cent of their cases of a condition proved beyond reasonable 
doubt to be acute myocardial infarction. In some instances this pattern 
appeared at the onset, while in others it occurred at some later stage. 
It may occur as a transitory phenomenon or may remain for some time. 
The various possible mechanisms responsible for this pattern are dis- 
cussed. 

Kaplan and Katz have described the characteristic electro- 
cardiographic patterns in left ventricular strain with and without axis 
deviation. Mortensen has contributed an interesting article on bundle- 
branch block with particular reference to the changes observed in the 
chest leads. Other interesting articles include Bachmann’s report 
on the significance of splitting of the P waves, Knies’s report on the- 
electrocardiogram in induced fever, Larsen and Skulason’s studies on 
the normal electrocardiogram and Levine and Beeson's and Wolferth. 
and Wood’s reports on short PR and wide QRS anomaly. 

22. Weinberg, H. B., and Katz, L. N. : A Common Electrocardiographic- 
Variant Following Acute Myocardial Infarction, Am. Heart J. 21:699, 1941. 

23. Kaplan, L. G., and Katz, L. N. : The Characteristic Electrocardiograms in- 
Left Ventricular Strain With and Without Axis Deviation, Am. J. M. Sc. 201:676,. 
1941. 

24. Mortensen, V.: Pathogenesis of Bundle Branch Block and Other Pre- 
ponderance Curves, Acta med. Scandinav. 104,: 267, 1941. 

25. Bachmann, G. ; The Significance of Splitting of the P-Wave in the- 
Electrocardiogram, Ann. Int. Med. 14:1702, 1941. 

26. Knies, P. T. : The Electrocardiogram in Induced Fever, Am. Heart J- 
22:804, 1941. 

27. (o) Larsen, K., and Skulason, T. : The Normal Electrocardiogram: I. 
Analysis of the Extremity Derivations from One Hundred Normal Persons Whose 
Ages Ranged from Thirty to Fifty Years, Am. Heart J. 22:625, 1941. (b) 
Skulason, T., and Larsen, K. : The Normal Electrocardiogram : 11. Analysis o 
Precordial Derivations d and j from One Hundred Normal Persons Whose Ages. 
Ranged from Thirty to Fifty Years, ibid. 22:645, 1941. 

28. Levine, S. A., and Beeson, P. B. : The Wolff-Parkinson-White Syndrome,, 
with Paroxysms of Ventricular Tachycardia, Am. Heart J. 22:401, 1941. 

29. Wolferth, C. C., and Wood, F. C. : Further Observations on the Mechanism 
of the Production of a Short P-R Interval in Association with Prolongation o t e. 
QRS Complex, Am. Heart J. 22:450, 1941. 
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CARDIAC ARRHYTHMIAS 

Vcniricular FihriUatiou . — ^Wiggers and his associates have 
reported their further obserr^ations on ventricular fibrillation in dogs. 
They measured the fibrillation thresholds in normal dogs’ hearts and 
during brief coronaiy occlusion. From this study they describe the 
probable mechanism ^Yhich initiates spontaneous ventricular fibrillation 
following coronary occlusion. Acute ischemia 

. . . gives rise to many ectopic foci which release stimuli ' which are sub- 
threshold as far as induction of fibrillation in the normal myocardiogram is 
concerned and it increases irritability sufficiently so that these stimuli become 
effective when they fall during the vulnerable phase. 

Sfokcs-Adams Attacks. — Parkinson, Papp and Evans have dis- 
cussed the Stokes-Adams attack after a study of cases (8 of their own 
and 56 collected from the literature) in which an electrocardiogram was 
recorded during the period of unconsciousness. They would limit the 
meaning of the term and define it as follows : 

Stokes-Adams disease is a name applicable to patients with heart block who suffer 
from recurrent attacks of loss of consciousness due to ventricular standstill, ven- 
tricular tachycardia, ventricular fibrillation, or a combination of these. 

During a Stokes-Adams attack from ventricular standstill the auricle continues 
to beat, whereas' in other cardiac syncopes as a rule there is total cardiac standstill. 

The term cardiac syncope may be reserved for attacks in patients without heart 
block due to total cardiac standstill from neurogenic or myocardial causes. 

The authors point out that although it is widely believed that 
ventricular standstill is the only common disturbance of mechanism 
which determines loss of consciousness, there are other disturbances of 
rhythm which may be responsible for the cerebral attack. The folloudng 
classification is given: 

Group I. Ventricular standstill alone (33 of 64 cases). Although 
this is sometimes consecutive to an increase in ventricular rate, it is 
unlikely that exercise or emotion is more than a rare precipitating factor ; 
the increase in auricular rate is probably spontaneous and originates in 
the auricle or the node itself. During a short ventricular standstill 
(below 20 seconds) the auricle beats regularly, whereas in a long 
ventricular standstill (above 20 seconds), as when it is preceded by high 

30. (a) Wiggers, C. J. : The Ineffectiveness of Vagal Stimulation on Ven- 
tricular Fibrillation in Dogs, Am. J. Physiol. 133:634, 1941. (b) Moe, G. K. •• 

Harris, A. S., and Wiggers, C. J.: Analysis of the Initiation of the Fibrillation 
by Electrocardiographic Studies, ibid. 134:473, 1941. (c) Wegria, R,; Moe G. K 
and Wiggers, C. J. : Comparison of Vulnerable Periods and Fibrillation Thresholds 
of Normal and Idioventricular Beats, ibid. 133:651, 1941. 

31. Parkinson, J.; Papp, C., and Evans, W.; The Electrocardiogram of the 
Stokes-Adams Attack, Brit. Heart J. 3:171, 1941. 
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ventricular tachycardia and fibrillation, the auricle may slow, arrhythmia 
may develop or the auricle may stop. The Stokes- Adams attack due 
to ventricular standstill and that due to high ventricular tachycardia 
or ventricular fibrillation can be distinguished only by electrocardiogram. 
A late onset of consciousness or loss of consciousness of more than three 
minutes’ duration is rarely due to ventricular standstill. The prognosis 
for patients showing ventricular standstill alone is much better than that 
for those showing high or low ventricular tachycardia and fibrillation. 

Group II. Ventricular tachycardia followed by ventricular standstill. 

(a) Low ventricular tachycardia (rate below 160) followed by 
ventricular standstill (4 cases). Low ventricular tachycardia 
does not produce unconsciousness, but it provokes the sub- 
sequent ventricular standstill which, of course, does cause 
unconsciousness. 

(&) High ventricular tachycardia (rate between 200 and 500), 
usually also with ventricular fibrillation, followed by ventricular 
standstill (14 cases). The high ventricular tachycardia and 
fibrillation produce unconsciousness which may be prolonged 
by the subsequent standstill. 

Group III, High ventricular tachycardia or ventricular fibrillation 
or both without ventricular standstill (13 cases). The prognosis both 
of the immediate attack and of survival is poor for patients in groups 
II and III. 

Group IV, Extreme bradycardia with complete heart block. This 
is a small and unimportant group. 

Aiiriciilar Fib7'illation. — Modell, Gold and Rothendler have shown 
that in the average patient with auricular fibrillation the increase in 
rate during exercise is due chiefly to decrease in vagal tone. Some 
confirmation of this fact was found in the observation that the increase 
in heart rate following atropinization was similar to the increase in rate 
after severe exercise. If patients with auricular fibrillation are given 
relatively large doses of digitalis (“extravagal” digitalization), the exag- 
gerated acceleration of the ventricles caused by exercise can usually be 
prevented. They conclude that the small increase in rate following 
administration of large amounts of digitalis is due to the direct action 
of this drug on auriculoventricular conduction. 

Hubbard’s Syndrome.— Unhbard has described a newly observed 
clinical syndrome, the course of which is circulatory failure resulting 
from paroxysmal tachycardia in infants less than 12 months of age. 
The incidence is unknown, but it is of interest that the author observe 

32. Modell, W. ; Gold, H., and Rothendler, H. H. : Use of Digitalis ^ 
Exaggerated Acceleration of the Heart, J. A. M. A. 116:2241 (May ^ . A 

33. Hubbard, J. P. : Paroxysmal Tachycardia and Its Treatment in ^ou g 
Infants, Am. J. Dis. Child. 61:687 (April) 1941. 
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6 of his 9 cases within a year, yet was able to collect only 19 cases from 
the medical literature. The diagnosis may be made clinically, but because 
of the difficulty in counting the pulse or even the heart rate accurately 
in young infants, electrocardiograms should always be obtained. The 
signs and symptoms are characteristic and include vomiting, which may 
be severe ; dyspnea, with a respiratory i*ate as high as 160 per minute ; 
fever; leukocytosis, and marked congestive phenomena, including 
cyanosis, cardiac enlargement, pulmonary congestion, engorgement of 
the liver and edema of dependent parts. The prognosis is unfavorable 
unless digitalis is promptly given. The recommended initial dose is 
0.05-0.1 Gm. of digifoline intramuscularl)% and this should be repeated 
at intervals (once or twice a day) until the desired effect is obtained. 
After digitalization has been accomplished, the heart rate and rhythm 
return to normal, and clinical improvement follows with dramatic 
abruptness. This condition has as a rule been wrongly diagnosed, for 
example, as congenital idiopathic hypertrophy, pyloric stenosis and 
pneumonia. The prognosis is apparently good, and there is little 
tendency for the arrhythmia to recur. 

Potassium . — Despite the extensive knowledge of potassium metabo- 
lism and the part it plays in heart muscle contraction, there is some 
doubt and confusion with reference to the therapeutic use of potassium 
salts in cardiac arrhythmias. For many years the use of potassium 
was recommended for abolishing or preventing premature beats and 
paroxysmal tachycardia, and there is no doubt that this was attended 
with some success. On the other hand, it has also been pointed out 
by several observers that certain types of cardiac arrhythmia and alter- 
ations in the electrocardiogram result from the administration of potas- 
sium salts. 

A partial explanation of these apparently conflicting results has been 
offered by Castleden,^^ and it would appear that in some patients, at 
least, with abnormally low serum potassium levels cardiac arrhythmias 
and electrocardiographic abnormalities can be abolished by administering 
potassium salts, whereas in patients with normal serum potassium levels 
who are given potassium salts cardiac irregularities and electrocardi- 
ographic abnormalities may develop. 

CONGENITAL HEART DISEASE 

Bedford. Papp and Parkinson have reported at length their 
observations on atrial septal defect. They point out that this is one 
of the commonest congenital malformations and should be differentiated 

\ 

34. Castleden, L. I. M. : The Effect of Potassium Salts on Cardiac Irregu- 
larities, Brit. M. J. 1:7, 1941. 

35. Bedford, D. E.; Papp, C., and Parkinson, J.; Atrial Septal Defect Brit 
Heart J. 3:37, 1941. 
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from patent foramen ovale, which is simply an anatomic variation of 
a normal condition. The diagnosis of atrial septal defect can often be 
made clinically. Although this defect itself produces no murmurs, the 
accompanying dilatation of the right ventricle and conus and relative 
stenosis of the less distensible pulmonary ring account for the loud 
systolic murmur heard over the pulmonary area in three fifths of the 
cases. Accentuation of the pulmonary second sound is likewise a com- 
mon finding, and an accompanying thrill is sometimes felt and a pul- 
monary diastolic murmur sometimes heard. The roentgen features are 
characteristic and include general enlargement of the heart, bulging of 
the pulmonai-y stem and conus and a dense shadow in the right hilus, 
with excessive pulsation. The electrocardiogram is often helpful in 
diagnosis, particulaidy the presence of right axis deviation. The asso- 
ciation of mitral stenosis and atrial septal defect is stressed. 

RHEUMATIC HEART DISEASE 

Etiology . — Mote and Jones have reported their extensive obser- 
vations on the antibody responses to hemolytic streptococci in patients 
with primary or recurrent rheumatic fever. The antibody response was 
also studied in healthy persons and in patients with scarlet fever and 
with acute streptococcic pharyngitis. It was found that the rheumatic 
and the nonrheumatic patients have similar antibody responses to acute 
infection with hemolytic streptococci. Also, severe rheumatic infection 
may develop in patients without clinical or serologic evidence of infection 
with streptococci, or, on the other hand, streptococcic infection may occur 
in a rheumatic subject without precipitating active rheumatic fever. 
Mote and Jones’s contribution is important but -still leaves unexplained 
the exact role played by streptococci in the causation of rheumatic fever, 

Kuttner and Krumwiede have described in some detail the effects 
of three outbreaks of streptococcic infection of the upper respiratoiy 

36. (d) Mote, J. R., and Jones, T. D.: Studies of Hemolytic Streptococcal 

Antibodies in Control Groups, Rheumatic Fever, and Rheumatoid Arthritis . I. 
The Incidence of Antistreptolysin ‘O’, Antifibrinolysin, and Hemohdic Strepto- 
coccal Precipitating Antibodies in the Sera of Urban Control Groups, J. Immuno . 
41:35, 1941; (6) Studies of Hemolytic Streptococcal Antibodies in Contool Groups, 
Rheumatic Fever, and Rheumatoid Arthritis : H. The Frequency of Antistrepto ysm 
‘O’, Antifibrinolysin, and Precipitating-Antibody Responses in Scarlet Fever, 
Hemolytic Streptococcal Infections, and Rheumatic Fever, ibid. 41. , » 

(c) Studies of Hemolytic Streptococcal Antibodies in Control Groups, Rheuma ic 
Fever, and Rheumatoid Arthritis: HI. The Magnitude of Antistreptolysin u, 
Antifibrinolysin, and Precipitating-Antibody Responses ; ^ the Persi^ence o e 
Antibodies, and Variations in Antistreptolysin ‘O’ Curves in Scarlet ever, em 
lytic Streptococcal Infections, and Rheumatic Fever, ibid. 41:87, 194 . 
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coccal Upper Respiratory Infections on Rheumatic Children : A Three ear 

J. Clin. Investigation 20:273, 1941. 
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tract in a colony of rheumatic children. The incidence of rheumatic 
recurrences was found to vary greath', but a comparison of the epidemic 
strains of streptococci and of the clinical features of the infections failed 
to reveal any significant difi'ercnces to account for this. The authors 
conclude that the vulnerability of a rheumatic subject to the effects of 
streptococcic infection of the uj^per respiratory tract is variable and 
depends on factors not yet understood. 

Reyersbach. Lenerl and Kuttner studied an outbreak of influenza 
due to influenza virus B in a group of rheumatic children. No rheumatic 
recurrences were precijiitated. and no evidence was obtained to suggest 
that the virulence of a group A beta hemolytic Streptococcus of proved 
pathogenicity was increased by this strain of influenza virus. 

Glazebrook and Thomson have briefly reported 1 1 instances of 
rheumatic fever in which the first evidence of rheumatic arthritis was 
in a traumatized joint. Their data do not prove that trauma was the 
sole, or even the chief, preeijntating factor in the rheumatic infection, 
but there is little doubt that the trauma determined the initial location 
of joint disease. 

Rheumatic Pucumouia . — Epstein and Greenspan have reported 
their observations on the pulmonary changes in 45 cases of acute fatal 
rheumatic fever. They found characteristic pulmonary changes, includ- 
ing alveolitis, marked congestion, edema, engorgement and the formation 
of hyaline membranes but do not consider these changes specific; i. e., 
a specific rheumatic lung or rheumatic pneumonia cannot be considered 
to exist. 

The Pulse Rate in Acute Rheumatism. — Glaze])rook and Thomson ” 
obseiwed the pulse rate in 100 consecutive cases of acute rheumatism in 
boys and youths aged 15 to 20 years. They found that slowing of the 
pulse rate is a common feature in the initial stages of the first attack 
of rheumatic infection but that all patients showed tachycardia in the 
later stages. They divided the 100 cases into three groups. In the 38 
cases in the first group the pulse rate was commensurate with the body 
temperature. There was some increase in pulse rate in the second group 
of 32 cases, but this increase was not commensurate with the temper- 

38. Reyersbach, G. ; Lenert, T. F., and Kuttner, A. G. : An Epidemic of Influ- 
enza B Occurring in a Group of Rheumatic Ciiildren Concurrent with an Outbreak 
of Streptococcal Pharjmgitis : Clinical and Epidemiological Observations, J. Clin. 
Investigation 20:289, 1941. 

39. Glazebrook, A. J., and Thomson, S. : Acute Rheumatism and Trauma, 
Edinburgh M. J. 48:674, 1941. 

40. Epstein, E. Z., and Greenspan, E. B. : Rheumatic Pneumonia, Arch. Int. 
Med. 68:1074 (Dec.) 1941. 

41. Glazebrook, A. J., and Thomson, S. : The Pulse Rate in Acute Juvenile 
Rheumatism, Edinburgh M. J. 48:619, 1941. 
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ature. Bradycardia occurred at an early stage of the illness in the remain- 
ing 30 cases which composed the third group and was usually a transient 
phenomenon. Bradycardia was sometimes associated with marked sinus 
arrhythmia and prolongation of the PR interval, all of which may have 
been due to vagal overstimulation. It was found that an abnormally 
slow pulse rate in the early stages of the rheumatic infection is of grave 
prognostic significance insofar as permanent cardiac damage is con- 
cerned. 

Electrocardiographic Changes. — Orgain, Martin and Anderson 
have reviewed previous studies on the electrocardiographic alterations 
in rheumatic fever in children and reported their own observations on 
70 patients. Abnormalities in single or serial tracings were found in 
70 per cent of the 70 patients. They found that the electrocardiograms 
were abnormal in all of the 22 patients who had the most extensive 
myocardial damage. 

Complications . — Harris and Levine'*” studied 72 cases of mitral 
stenosis in which cerebral embolism occurred. There were 24 
“immediate fatalities,” and in the 15 cases in which the patients died 
subsequently the average period of survival was a little over one year. 
Auricular fibrillation was present in 55 cases and regular rhythm in the 
remaining 17. In 5 instances cerebral embolism occurred a few hours 
or a day or two after a change from auricular fibrillation to normal 
rhythm. The difficulties of analyzing the factors responsible for the 
formation and dislodgment of auricular thrombi are emphasized. 
Despite the general assumption that auricular fibrillation increases the 
likelihood of thrombosis and embolism, Harris and Levine on the basis 
of their studies could not prove this assumption. 

Wolff and Levine found that about 10 per cent (50 of o21) of their 
series of patients with rheumatic heart disease had had hemoptysis. 
Mitral stenosis was present in every patient save 1 in which the hemor- 
rhage was caused by a pulmonary abscess. The hemorrhage was 
accounted for by pulmonar}'^ infarction in almost half of the patients, 
but if the heart is not enlarged it can be excluded as a cause. Hemor- 
rhage may be caused by active rheumatic infection or by mitral stenosis 
alone. The three most commonly associated symptoms were palpitation, 
pain in the chest and dyspnea. Insofar as prognosis is concerned 
hemoptysis is a grave sign. 

42. Orgain, E. S. ; Martin, J. M., and Anderson, H. I. G. : Electrocardiographic 
Alterations in Rheumatic Fe\'er in Children, Am. J. Dis. Child. 62:26 
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Treatment . — Early studies on the use of sulfanilamide and some of 
its derivatives in the treatment of rheumatic heart disease, which have 
been previously reviewed, led to the conclusion that during the active 
stage of the disease toxic rather than beneficial results were obtained, 
but that the long-continued prophylactic use of sulfanilamide prevented 
hemolytic streptococcic infection and recurrences of rheumatic fever. 
A further report by Thomas, France and Reichsman has confirmed 
the earlier impression regarding the prophylactic use of sulfanilamide. 
The results of their carefully controlled studies are striking. A major 
attack of acute rheumatic fever or an acute infection caused by beta 
hemolytic streptococci did not develop in any of the 55 patients (79 
person-seasons) who received sulfanilamide (usually 0.6 Gm. twice a 
day from November through June). Fifteen major attacks of acute 
rheumatic fever occurred in 67 patients (150 person-seasons) with a 
similar history who did not receive the drug. Furthermore, 4 deaths 
occurred in the control (nontreated) group, 2 as a result of subacute 
bacterial endocarditis, whereas there were no deaths among patients in 
the treated group. No serious toxic effects of sulfanilamide were 
observ^ed. Thus, the studies of Thomas and associates, as well as 
those of others, point the way toward a better treatment of patients 
susceptible to rheumatic fever. These studies also add further proof 
of the close relation between infections caused by beta hemolytic strepto- 
cocci and rheumatic infection. 

SUBACUTE BACTERIAL ENDOCARDITIS 

Although the results of chemotherapy of subacute bacterial endo- 
carditis have been disappointing, it is better than anything previously 

45. (c) Graybiel, A.: Diseases of the Heart: A Review of Significant Con- 
tributions Made During 1938, Arch. Int. Med. 63:980 (May) 1939. (b) Graybiel 
and White.’-^ 

46. Thomas, C. B.; France, R., and Reichsman, F.: The Prophylactic Use of 
Sulfanilamide, J. A. M. A. 116:551 (Feb. 15) 1941. 

47. (a) Leach, C. E.; Faulkner, J. M.; Duncan, C. N.; McGinn, S.; Porter, 

R. R., and White, P. D. : Chemotherapy and Heparin in Subacute Bacterial Endo- 
carditis, J. A. M. A. 117:1345 (Oct. 18) 1941. (b) Druckman, J. S.: A Case 

of Subacute Bacterial Endocarditis, ibid. 117:101 (July 12) 1941. (c) Heyer, 

H. E., and Hick, F. K.: Experiences in the Treatment of Subacute Bacterial 
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Including One Cure and One Aborted Case, Ann. Int. Med. 15:291, 1941. (d) 
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Recovery from the Infection of Subacute Bacterial Endocarditis Without Sulphon- 
amides. Lancet 1:630, 1941. (/) Solomon, H. A.: Subacute Bacterial Endo- 

carditis : Treatment with Sulfapyridine and Intravenous Injections of Typhopara- 
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tried. Probably cure is obtained in 1 case in 20 today, whereas spon- 
taneous cures in the past were exceedingly rare indeed. Heparin, 
hyperpyrexia and fever induced by injection of typhoid vaccine have 
been used in conjunction with sulfanilamide and some of its derivatives, 
but enthusiasm for any combination treatment is waning. Sulfapyridine, 
(2- [paraaminobenzenesulfonamido] -pyridine), of the various com- 
pounds, seems to be the best, and it is advisable to keep the level of the 
drug in the blood high (10 mg. per hundred cubic centimeters) for at 
least a month, then to continue administering a reduced dose for two 
or three months longer. If the results are not promising, a change to 
sulfathiazole (2- [paraaminobenzenesulfonamido] -thiazole) should be 
made. 

The most promising results are being obtained in patients with 
patent ductus arteriosus complicated by subacute bacterial endo- 
arteritis.^® Obliteration of the ductus by surgical means together with 
chemotherapy has now resulted in a number of cures. 

OTHER INFECTIONS 

Scarlet Fever . — Wesselhoeft has had the unusual experience of 
studying over 12,000 cases of scarlet fever and must be regarded as 
an authority on the cardiovascular disorders or complications in this 
disease. He points out that the endocarditis which may develop in the 
course of scarlet fever is the result of infection of the blood stream and 
constitutes a true bacterial endocarditis. He does not believe that scarlet 
fever causes valvular endocarditis comparable to that seen in rheumatic 
infection ; a valvular defect which appears late after scarlet fever should 
be considered to be of rheumatic origin. Severe myocarditis, such as 
may occur in the course of diphtheria, is rarely obseiu'ed in scarlet 
fever, and when it occurs, there is a strong possibility that diphtheria 
is present as a complication. W esselhoeft states that of 9 cases of severe 
myocarditis among 12,820 cases of scarlet fever, cultures positive for 
the diphtheria bacillus were obtained in 6. He discusses in some detail 

t 3 'phoid Vaccine, New York State J. Med. 41:45, 1941. (f) Southworth, H.. 

Subacute Staphylococcus Endocarditis and Staphylococcus Bacteremia Without 
Endocarditis with a Report of the Favorable Effect of Sulfanilamide and Sul a 
thiazole in Two Cases, Ann. Int. Med. 14:1180, 1941. (h) Sevitt, S.: 
of Bacterial Endocarditis with Heparin and Sulfapyridine, Lancet 1:444, 

(0 McLean, J. ; Meyer, B. B. M., and Griffith, M. F. : Heparin in Subacute Bac- 
terial Endocarditis, J. A. M. A. 117:1870 (Nov. 29) 1941. (;’) Cockayne, E. •> 

and Wilton, T. N. P. : Acute Bacterial Endocarditis, Lancet 2:728, 1941. _ _ 
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the so-called “scarlet fever heart,” diagnosis of which is usually 
dependent on the development of niurniurs which are so vaiiable in time 
and character as not to be distinctive. Tachycardia or bradycardia may 
develop, but there is rarely any cardiac enlargement, and there is no 
precordial pain or discomfort. All these signs are ephemeral and dis- 
appear in the course of one to three weeks. 

Wesselhoeft agrees that minor electrocardiographic abnormalities 
may appear, but states that they are not peculiar to scarlet fever and 
do not constitute proof of myocarditis. Roelsen,®° however, believes 
that the more significant and persistent electrocardiographic changes 
are probably due to pathologic changes in the myocardium, but that the 
slight and transient changes are likely due to myocardial toxemia. 

With respect to treatment Wesselhoeft believes that in the toxic 
m}’'Ocarditis accompanying scarlet fever specific drugs are of no value, 
but that if endocarditis or pericarditis of bacterial origin supervene, 
sulfanilamide should be given. 

Tuberculosis . — Hannesson has written an excellent article on 
tuberculosis of the pericardium and the heart. He states that although 
the myocardium and the endocardium are rarely involved in tuberculosis, 
involvement of the pericardium is not as rare as is generally supposed 
and is the most serious tuberculous infection of the serous membranes. 
He believes that most instances of tuberculous pericarditis are due to 
an extension of the infection through lymph channels from a mediastinal 
focus, but that infection may occur in a neighboring structure. Han- 
nesson divides the pathologic progress in a typical case into three stages. 
An acute fibrinous stage passes fairly rapidly into the stage of peri- 
cardial thickening and effusion. The third stage is that in which the 
effusion has largely disappeared and the pericardium is greatly thickened. 
This may be so extensive as to give rise to typical Pick’s disease. 

The author points out that tuberculous pericarditis is protean in its 
clinical manifestations and that the clinical features depend on the nature 
of the onset, the type of pathologic changes, the duration of the disease 
and other factors. The symptomatology and clinical features are 
described in detail. He summarizes the important findings necessary 
to make a diagnosis of tuberculous pericarditis as follows: 

The signs and symptoms of an infection should be present; there should be 
localizing signs over the pericardium such as pericardial friction rub, signs of 
pericardial effusion and thickening of the pericardium, and the signs of adhesions. 
There should be signs of circulatory failure of the “inflow stasis” type; there 
should be signs of extension of the process to other serous sacs or a disseminated 

50. Roelsen, E. : Electrocardiographic Studies in Scarlet Fever, Acta med 
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tuberculosis; a normal or small heart should be demonstrated after the production 
of a pneumopericardium ; a careful x-ray study should be made. 

A clinical diagnosis can be made on the results of a careful physical and 
radiological examination. 

An exact diagnosis can only be made by demonstration of tubercle bacilli in the 
pericardial fluid. 

Hannesson points out that present methods of treatment of tuber- 
culous pericarditis are unsatisfactory and that the prognosis is bad (83 
per cent). It is of interest that he considers polyserositis in all prob- 
ability to be tuberculous in origin and a condition associated with a 
high degree of immunity to the infection. He was unable to determine 
any exact relation between pulmonary tuberculosis and diseases of the 
heart. 

ARTERIAL HYPERTENSION 

Experimental Aspects . — Because of the importance of this subject, 
it seems worthwhile to review again the main developments and the 
present status of knowledge with regard to experimental hypertension 
and the resulting clinical implications. The current phase of this work 
began with the demonstration by Goldblatt that if one or both of the 
main renal arteries of a dog were partially occluded by a metal clamp, 
hypertension would result. 

This was quickly confirmed by many other investigators and ampli- 
fied to the extent that various methods were shown to be capable of 
producing lasting hypertension ranging from the benign to the malignant 
variety. 

An immediate search was begun for the factors or substances 
responsible for the hypertension, and largely by the process of exclusion, 
it was soon shown that a humoral factor elaborated by the kidney was 
the probable cause. At this point it was recalled that Tigerstedt and 
Bergmann in 1898 obtained a pressor substance from renal tissue extract, 
which was called renin, and this seemed the most likely substance to 
investigate. 

The characteristics of renin have been studied extensively, and it 
has been shown that a renin-like substance is liberated in increased 
amounts by the kidneys of dogs made hypertensive by one of the several 
available methods. However, attempts to demonstrate an increased 
amount of renin in the extracts of kidneys of hypertensive patients as 
compared with normal controls has not yet yielded convincing results. 

Page and his associates have shown that purified renin alone does 
not cause vasoconstriction when perfused in Ringer s solution throug 
a rabbit’s ear. It requires the addition of a substance found norma y 
in plasma which has been given the name “renin-activator. The product 

52. Landis, E. M. : Hypertension and the Pressor Activity of Heated Extracts 
of Human Kidneys, Am. J. M. Sc. 202:14, 1941. 
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of the interaction between renin and renin-activator is a third substance, 
to which Page has given the name angiotonin. 

Angiotonin exerts a powerful vasopressor action but is distinguish- 
able from most other pressor substances in that it does not appreciably 
diminish cutaneous blood flow. Much more important is the fact that 
animals which have received repeated injections of renin fail to respond 
with a rise in arterial pressure (tachyphylaxis), which appears to be 
due to the release of a substance which antagonizes renin or its reaction 
product angiotonin. Studies along this line have definitely shown 
that this substance which opposes the action of angiotonin is elaborated 
in the kidneys and is capable of lowering the blood pressure. Grollman 
and his associates, Page and his co-workers and the Argentinian investi- 
gators have obtained this antipressor substance, using different methods. 
All groups of workers have had some success in lowering the blood pres- 
sure in animals made hypertensive and in patients with essential or 
malignant Itypertension. Page and his associates have now administered 
this extract to 280 hypertensive dogs, 13 patients with malignant hyper- 
tension and 6 patients with essential hypertension. They found that the 
extract prepared from 400 to 900 Gm. of fresh pork kidney is usually 
required to reduce the blood pressure of a dog weighing 12 Kg. from 
200 to 130 mm. of mercury. The extracts were usually given in mod- 
erate doses daily. Arterial pressure began to fall in two to four days, 
reaching nearly normal levels in five to eight days. Discontinuing the 
extract did not lead to an immediate rise in blood pressure; usually 
several days elapsed before there began a gradual rise in pressure to the 
original hypertensive level. Good results were also obtained in dogs 
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made severely hypertensive and exhibiting the malignant syndrome. 
The blood urea nitrogen usually falls as the blood pressure drops, and 
there may be dramatic clinical improvement. 

After one reads the 19 case histories reported by Page and associates 
the general impression is gained that the treatment of severe hypertension 
by means of renal extracts is still far from satisfactory. Systolic and dias- 
tolic blood pressures are lowered significantly in some cases, and associated 
with this there is considerable clinical improvement. However, severe 
reactions are often encountered, with symptoms resembling shock and 
followed by fever. These untoward side-effects prohibit this form of 
treatment in cases of mild essential hypertension in which the best 
results would be expected. There is, as yet, no sure proof that these 
extracts have more than a nonspecific effect, but with further purification 
this important point should be clarified. The many investigators in 
various centers working on this problem should be encouraged to con- 
tinue. Their work represents a hopeful line of research in the patho- 
genesis and treatment of hypertension. 

Bing and Zucker have studied the pressor effect of several amino 
acids metabolized b}' the ischemic kidney. It is known that certain renal 
extracts transform amino acids into the corresponding amines, some of 
which have a pressor action. Normally, these amines are broken down 
into physiologically inert end-products, but under anaerobic conditions 
this is prevented and the amines are free to exert their pressor action. 
The authors put this to a practical test by injecting amino acids into the 
kidneys of experimental animals. With the renal circulation intact no 
significant pressor effects were noted, but when the circulation was 
restricted the arterial pressure rose. That altered amino acid metabolism 
may be responsible for renal hypertension is the interesting suggestion 
put forth. 

Wilson and Byrom have contributed important experimental 
observations which go a long way toward explaining the clinical and 
histologic manifestations which are common, to the end stages of Bright s 
disease. The}’- produced hypertension in rats by partial occlusion of one 
renal artery. After a time the clamped kidney was removed, but residual 
hypertension remained in two thirds of the animals. The degree of hyper- 
tension was found to be related to the extent of the lesions in the reinain- 
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ing kidney, which resemble those occurring in cases of chronic 
hypertensive Bright’s disease. They conclude that their findings support 
the concept of a vicious circle resulting from the efifect of hypertension on 
the kidney whereby hj^pertension produces vascular lesions and these, 
by reducing the blood flow through the kidney, aggravate the hyper- 
tension, which in turn leads to sustained hypertension and progressive 
renal destruction. 

CORONARY ARTERIOSCLEROTIC HEART DISEASE 

Etiology . — From a long experience Hueper has formulated a defi- 
nite opinion regarding the etiolog}'^ and the causative mechanism of 
arteriosclerosis and atheromatosis. His introduction is as follows : 

No agreement has been reached concerning the respective roles played in the pro- 
duction of these lesions, on the one hand by physiological senescing processes, 
possibly conditioned in their time of onset, in their rate of progress, and in their 
organic distribution by constitutional or hereditary factors, and on the other hand 
by pathological disturbances of endogenous or exogenous origin and of acquired 
nature. The situation e.xisting in this respect is complicated by the fact that these 
vascular manifestations exhibit a remarkable diversity in their anatomical struc- 
ture, as evidenced by the various names used, such as arteriosclerosis, atheromatosis, 
atherosclerosis, Monckeberg’s media necrosis and calcification, etc., indicating that 
several fundamentally different causal factors may be reflected by these morphological 
varieties. The same conclusion is suggested by the observation that there occurs 
a considerable disparity in the organic distribution and in the time of appearance 
of these lesions in the different organs. None of the numerous theories so far 
advanced concerning the etiology of degenerative vascular disease supplies a satis- 
factory explanation of the multitude and variety of phenomena, or provides an 
acceptable common denominator of the primary causal dynamics operating in their 
production. 

Hueper then discusses a number of endogenous and exogenous factors 
of a physical and chemical nature which have been considered etiologi- 
cally significant in the • development of vascular lesions. These are 
grouped under five headings, namely, (1) physiologic senescing proc- 
esses, (2) physiologic and pathologic mechanical traumas, (3) infec- 
tions and bacteriotoxic agents, (4) physiochemical disturbances of the 
blood of endocrine, vitaminic or nutritive origin and (5) agents affect- 
ing the vascular tonus and the circulation of the blood. He reaches the 
general conclusion that the fundamental causal mechanism of degenerative 
arterial disease is impaired nutrition and oxygenation of the vascular 
wall, resulting in endothelial damage, increased intimal permeability and 
the infiltration of plasma into the subintimal tissue followed by the pro- 
liferation of endothelial cells and the degeneration of the muscular and the 
elastic cells. 
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Hueper emphasizes that a rational therapeutic management of arterio- 
sclerotic patients depends in part on the determination of the etiologic 
agent, which is admittedly difficult because of the great complexit}^ of 
present day life. But, says Hueper, the outstanding therapeutic pro- 
cedure, apparently capable of preventing the development of or arresting 
the progress of arteriosclerosis of varjdng causation, is represented by a 
maintenance of an adequate oxygen metabolism; thyroid and iodine 
preparations have proved so far to be the most suitable agents for attain- 
ing this end, particular!}’’ in cases in which an endogenous disturbance 
of the oxygen metabolism prevails. 

The Precipitating Factors in Coronary Occlnsion . — Paterson has 
again emphasized the important role of intimal hemorrhage in producing 
coronary thrombosis. This I^pothesis has received strong support from 
various investigators and most recently from Nelson.®® He observed that 
hemorrhage from sinusoidal blood vessels which are found in relation to 
atheromatous plaques is not uncommon and that superficial intimal 
hemorrhage is a most important factor in the causation of coronary 
occlusion. Nelson is in agreement with Paterson that the factors deter- 
mining the hemorrhage are probably weakening of the sinusoidal wall 
by toxic action and increase in blood pressure induced by exertion or 
emotion. Paterson considers that increased capillary fragility due 
to vitamin C deficiency may also be a causative factor and that calcifica- 
tion of atherosclerotic plaques may be a protection against intimal hem- 
orrhage and recommends an ample calcium intake. 

Blumgart, Schlesinger and Zoll in a study of the clinical and 
pathologic findings in a series of 350 cases observed multiple fresh 
coronary occlusions in 11. In 8 of the 11 cases multiple fresh thrombi had 
occluded the arteries, while in the remaining 3 the multiple Reclusions 
were due to hemorrhages within atheromatous plaques and to ruptured 
atheromatous abscesses. In each instance the multiple occlusions occurred 
in the presence of shock which was due to conditions other than myo- 
cardial infarction in 8 of the 11 cases. They conclude that shock, no- 
matter how produced, may lead in elderly patients to the development 
not only of single but of multiple fresh coronary artery occlusions and 
that measures to prevent the manifestations of shock should always be 
taken. 

58. Paterson, J. C. : Some Factors in Causation of Intimal Hemorrhages and 

in Precipitation of Coronarj’ Thrombi, Canad. M. A. J. 44:114, 1941. _ 

59. Nelson, M. G. : Intimal Coronary Artery Hemorrhage as a Factor m 

Causation of Coronary Occlusion, J. Path. & Pact. 53:105, 1941. . , u 

60. Blumgart, H. L.; Schlesinger, M. J., and Zoll, P. M.: 

Coronary Occlusions in Patients with Antecedent Shock, Arch. Int. e 
(Aug.) 1941. 
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Clinical Aspects. — ^\\^alsh and his associates found that disease of 
the gallbladder occurred almost twice as often in patients with coronary 
disease as in those with normal coronary arteries, probably primarily 
because of some common aging factor and not more intimate con- 
nection, whereas there was no significant association of peptic ulcer and 
coronar}' disease in general. Hochrein and Schleicher,®- on the other 
hand, believe that there is a close relation between coronary insufficiency 
and peptic ulcer and cite clinical observations to this effect. Rosenbaum 
and Levine have studied various clinical and electrocardiographic 
features of acute myocardial infai'ction and conclude that although the 
immediate outlook is difficult to predict and the ultimate course varies 
a great deal, a careful weighing of all the available information will 
materially aid in judging the prognosis. Bland and White have 
obtained the after-history for the first ten years of 200 patients with 
coronary oclusion and acute myocardial infarction ; of the entire series, 
19 per cent died within the first four weeks and 31 per cent of the 
remainder survived the ten year period. Master, Dack and Jaffe have 
summarized their studies which have been in part previously reviewed, 
based on the analysis of 1,700 proved attacks, especially on precipitating 
factors in coronary occlusion and myocardial infarction. Stroud and 
Wagner ®® have reported their findings in 49 cases of proved myocardial 
infarction in 13 of which the patients were without pain; they discuss 
various pain “equivalents” and emphasize the importance of recognizing 
painless infarction. 

Induced Ano.xcmia in Patients zuith Coronary Arteriosclerotic Heart 
Disease. — ^Levy and his associates ®‘ have reported further on the 

61. Walsh, B. J. ; Bland, E. F. ; Taquini, A. C., and White, P. D. ; Association 
of Gallbladder Disease and of Peptic Ulcer with Coronary Disease: Postmortem 
Study, Am. Heart J. 21:689, 1941. 

62. Hochrein, M., and Schleicher, I.: Peptic Ulcer and Angina Pectoris, 
Miinchen. med, Wchnschr. 88:328, 1941. 

. 63. Rosenbaum, F. F., and Levine, S. A.: Prognostic Value of Various Clinical 
and Electrocardiographic Features of Acute Myocardial Infarction, Arch. Int. Med. 
68:912 (Nov.) 1941. 

64. Bland, E. G., and White, P. D.: Coronary Thrombosis (with Myocardial 
Infarction) Ten Years Later, J. A. M. A. 117:1171 (Oct. 4) 1941. 

65. Master, A. M. ; Dack, S., and Jaffe, H. L. : (a) Premonitory Symptoms 

of Acute Coronary Occlusion: Study of Two Hundred and Sixty Cases, Ann. Int. 
Med. 14:1155, 1941; (6) Role of Effort, Work and Occupation on Onset and 
Subsequent Course of Coronary Artery Occlusion, M. Ann. District of Columbia 
10:79, 1941. 

66. Stroud, W. D., and Wagner, J. A.: Silent or Atypical Coronary Occlusion 
Ann. Int. Med. 15:25, 1941. 

67. Levy, R. L.; Williams, N. E.; Bruenn, H. C, and Carr, H. A.: The 
“Anoxemia” Test in the Diagnosis of Coronary Insufficiency, Am. Heart J. 21:634 
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“anoxemia test” in the diagnosis of coronary insufficiency. The test con- 
sists of having the patient breathe a mixture of 10 per cent oxygen and 
90 per cent nitrogen for twenty minutes or until symptoms appear; 
electrocardiograms are taken before, during and after the induction of 
anoxemia. This test was performed on 115 normal persons and 147 
patients with suspected or manifest cardiac disease. On the basis of this 
experience the response to the test was considered abnormal when any 
one (or more) of the following changes was observed: 

1. The arithmetic sum of the RS-T deviations in all four leads (I, II, III and 
IVF) totals 3 mm. or more. 

2. There is partial or complete reversal of the direction of T in Lead I, accom- 
panied by an RS-T deviation of 1 mm., or more, in this lead. 

3. There is complete reversal of the direction of T in Lead IVF, regardless 
of RS-T deviation. 

4. There is partial reversal of the direction of T in Lead IVF, accompanied by 
an RS-T deviation of 1 mm., or more, in this lead. 

Levy and co-workers state : 

The test was positive in 18 per cent of 33 patients with suspected coronary 
sclerosis; in 31 per cent of twenty-two patients with coronary sclerosis but no 
history of anginal attacks ; in 55 per cent of seventy-three patients with coronary 
sclerosis and a history of anginal attacks; and in only 5 per cent (one case) of 
nineteen patients with hypertension without symptoms or signs of coronary sclerosis. 
Patients whose control electrocardiogram was abnormal showed a higher per- 
centage of positive tests than those with a normal control tracing. The highest 
incidence of positive tests Avas obtained in a group of forty-nine patients with 
anginal pain caused by coronary sclerosis and abnormal control electrocardiograms; 
in 69 per cent of these an abnormal response was obtained. 

Pulmonary edema occurred during the test in 3 instances but was sub- 
sequently avoided by observing three rules, namely: 

1. The test should never be performed in the presence of congestive heart failure. 

2. It should not be performed within 4 months after cardiac infarction. 

3. It should not be done on the same patient more than once in twenty-four hours. 

Unpleasant effects occurred in 17 cases, including vasovagal attacks, 
convulsions, hyperventilation, dyspnea and mental confusion, but they did 
not prove serious. 

The authors conclude that a positive test is a sign of functional insuffi- 
ciency of the coronary circulation and that it may be usefully employed 
clinically. Williams and associates used this test in evaluating the 
effects of certain xanthine drugs in cases of coronary insufficiency an 
concluded that in some cases the therapeutic response is favorable. 

68. Williams, N. E.; Carr, H. A.; Bruenn, H. G., and pvy, R. L : Further 
Observations on Effects of Certain Xanthine Compounds in Cases o orow 

Insufficiency, as Indicated by Response to Induced Anoxemia, Am. Heart J. • ' 

1941. 
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MISCELLANEOUS 

Aneurysm of the Pulmonary Artery . — Boyd and McGavack“° have 
presented the clinical picture of aneurysm of the pulmonary artery as a 
result of a study of 151 recorded instances of this disease. The chief 
etiologic and precipitating factors were congenital anomalies, pulmonary 
hypertension, atheromatosis and infection, of which syphilis appeared to 
have been present and active in over 30 per cent. The authors have 
divided the cases of pulmonary aireurysm into two main groups, namely, 

(1) those in which the trunk alone or in combination is involved and 

(2) those in which one or both branches are affected. They state that 
the former group is recognizable on the basis of signs and symptoms, 
whereas in the latter the condition gives rise to symptoms alone. They 
further state : 

Antemortem diagnosis is difficult in both clinical types, but can be established 
with a fair degree of accuracy in the first group if the following are simultaneously 
present: stasis in the lesser circulation, characterized by dyspnea, cyanosis, oppres- 
sion of the chest, and bloody sputum; prominence of the left side of the chest in 
the region of the second and third costal cartilages ; a pulsation, a thrill, and a 
loud superficial, sawing or rubbing systolic murmur, best heard at the second left 
intercostal space; a weak cardiac thrust with dulness not going beyond the mid- 
clavicular line; hypertrophy and dilatation of the right side of the heart; electro- 
cardiographic evidence of right axis deviation; roentgenographic demonstration 
of lengthening and lateral projection of the pulmonary conus shadow in the anterior 
view, with a see-saw movement of the left border; indentation of the esophagus 
below the normal aortic impression in the right anterior oblique position; and 
encroachment upon the ventral and caudad aspects of the aortic window in the left 
anterior oblique visualization. 

The subjective symptoms are similar in the two groups. Cough occurs in 80 
per cent of the cases, but is rarely an early manifestation. It depends upon pressure 
on the recurrent laryngeal nerve, in which event it is non-productive ; upon bronchial 
irritation with at first a dry, and later a productive phase; or upon pulmonary 
thromboses when it is blood-streaked or frankly hemorrhagic. 

The authors recognize that a number of conditions may simulate the 
clinical picture of aneurysm of the pulmonary artery and discuss the 
differential diagnosis. The chief lesions with which it may be confused 
are aortic aneurysm, patent ductus arteriosis, idiopathic dilatation of the 
pulmonary artery, interauricular septal defects and other congenital 
cardiac lesions. 

We wish to point out that a clinical diagnosis of uncomplicated pul- 
monary aneurysm must be regarded with great skepticism, and therefore 
in 35 of the 151 cases (in which the condition was not confirmed by 
autopsy) the diagnosis is open to question. 

69. Boyd, L. J., and McGavack, T. H.: Aneurysm of the Trunk and Main 
Branches of the Pulmonary Artery: Analysis of One Hundred and Fifty-Two 
Cases, Mod. Concepts Cardiovasc. Dis. 10:2, 1941. 
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Disseminated Lupus Erythematosus . — ^There are a number of disease 
syndromes, including disseminated lupus erythematosus, dermatomy- 
ositis and periarteritis nodosa, the causes of which are unknown but 
which have certain clinicopathologic features in common, including 
involvement of the cardiovascular system. The amount of attention they 
have received from cardiologists is probably greater than is,deser\'ed, as 
there is little evidence that the cardiac changes are more than incidental. 
Two recent reviews have brought present knowledge up to date, with- 
out, however, resolving the problem. The nearest thing to a definite 
cardiac syndrome appears in those cases of disseminated lupus in which 
there is atypical verrucous endocarditis (Libman-Sacks syndrome). 
Despite the characteristic pathologic changes in these lesions, they are, 
with probable rare exceptions, too slight to yield definite clinical signs 
of heart disease and are rarely, if ever, the cause of congestive heart 
failure. Keil states; 

It seems probable that the area of distribution of these verrucae and the manner 
in which they are deposited contribute but little to the signs and symptoms in this 
disease. Most of the audible murmurs are, in all likelihood, attributable to 
extraneous factors, except in the relatively uncommon cases in which old. valvular 
changes are encountered. The simultaneous occurrence of a pericardial rub makes 
the existence of gross endocardial involvement more probable as these two parts 
of tlie cardiac structure are often concurrently affected, but tliis rule has exceptions. 

The diagnosis of disseminated lupus is usually made from the nature 
of the constitutional symptoms and the appearance of characteristic 
cutaneous lesions or signs of visceral disturbances. The diagnosis of 
Libman-Sacks syndrome may be suspected if signs of pericarditis and 
endocarditis appear but must be verified by postmortem examination. 
No adequate treatment is known, and the prognosis is uniformly bad. 

Hiatus Esophagael Hernia . — ^Jones has made a study of 128 patients 
with hiatus hernia, particularly from the standpoint of comparing the 
symptomatology" in these patients with the symptomatology in patients 
suffering from heart disease. This group represented selected material 
only in that definite information regarding the size of the hernia was 
required and that only those patients Avere included Avhose presenting 
synnptoms were referable to the hernia. The ar^erage age was 55. Con 
comitant diagnoses of heart disease (22) and biliary" tract disease (22) 
were made for 44 patients. However, of the 22 patients rvith coniplicatiUj, 

70. (o) Keil, H.; Dermatomyositis and Systemic Lupus Erj-thematosus, Arcb. 

Int. lyled. 66:110 (July) 1940. (f>) Banks, B. M.: Is Tliere a Common Denomi- 

nator in Scleroderma, Dermatomyositis, Disseminated Lupus 
Libman-Sacks Syndrome and Polyarteritis Nodosa? New England J. i e . 

433, 1941. nr j 00^" 

71. Jones, C. M.: Hiatus Esophageal Hernia, New England J. Aled. , 
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heai't disease, Jones considered that only 11 had symptoms which might 
have contributed to the presenting symptomatology. Of the 128 patients, 
91 had small hernias and 37 had large ones. 

He found that substernal pain was experienced by over one third of 
the 91 patients with small hernias but occurred in only 5 of the 37 
with large hernias. Shoulder pain, usually on the left, was noted by 
about one fourth of all the patients and radiation of pain into the arm 
by 12. Epigastric pain was noted by over 50 per cent of the patients. 
The records of 50 patients were sufficiently detailed to permit carefixl 
analysis of the pain. Twenty-five of the 50 patients complained of sub- 
sternal pain, and 8 of these stated it was frequently, though not invariably, 
initiated by exercise, and 12 stated that emotional experiences frequently 
caused the pain to appear. As many as 15 of the 25 patients found that 
food, particularly a large meal, was responsible for initiating pain. 
Glyceryl trinitrate frequently afforded relief to 8 of the 25 patients com- 
plaining of substernal pain, but Jones emphasizes that in no case was the 
relief as regular as that noted in typical angina- pectoris. Atropine or 
belladonna often afforded striking relief. Dyspnea was a frequent symp- 
tom in Jones’s group and occurred in about one third of the patients with 
large hernias and one tenth of those with small ones. Palpitation was 
an occasional symptom. 

Jones discusses the probable mechanism of causation of symptoms in 
these cases and concludes that when the hernia is large actual displace- 
ment of the heart and lungs ma 3 >- produce symptoms, A good example 
of this has recently been reported b}'- McGinn and Spear. Jones also 
believes it is logical to assume that the discomfort or pain is often sec- 
ondary to intraesophageal or intragastric disturbances with typical 
referred pain and that the stimulus is mediated over visceral afferent 
fibers supplying the stomach or esophagus or over the sensory afferent 
fibers from the diaphragm. 

We would like to emphasize the fact that both hiatus hernia and 
coronary heail disease may occur in the same patient, both being found 
in older persons, and in such patients they may be present together. 

Thrombi in the Heart . — Garvin studied the clinical and pathologic 
records of 771 consecutive autopsied patients who died of heart disease 
as to the occurrence of mural thrombi and infarction. Of the 771 
patients, 265, of 34.4 per cent, had one or more mural thrombi. Thrombi 
were found in two thirds of the patients in whom myocardial infarction 
was present and in about one third of the patients with coronary artery 
disease without myocardial infarction or hypertensive or rheumatic 

72. McGinn, S., and Spear, L. M.: Diaphragmatic Hernia Presenting the 
Clinical Picture o£ Acute Cor Pulmonale, New England J. Med. 224:1014 1941 

73. Garvin, C. F. ; Mural Thrombi in the Heart, Am. Heart J. 21:713, 1941 
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heart disease. The incidence of mural thrombi was high (40-47 per cent) 
in patients with hypertensive and with coronary heart disease complicated 
by various other types of heart disease. The incidence was low in 
patients with cor pulmonale and with subacute bacterial endocarditis. In 
patients with rheumatic heart disease mural thrombi occurred two and 
one-half times as often when auricular fibrillation was present. In 
patients with Itypertensive heart disease the incidence of mural thrombi 
was three times as high in those below 40 as in those above 60. In 
rheumatic heart disease the incidence of mural thrombi was much higher 
in the older patients. 

Garvin also studied the same group of patients with respect to 
mural thrombi and infarction of various viscera. He found that pulmon- 
ary infarction was almost three times as frequent in those patients with 
mural thrombi in the right side of the heart as in those without thrombi 
in this location. Also, infarcts of the brain, kidneys, spleen, intestines 
and/or extremities were more than twice as common in patients with 
mural thrombi in the left side of the heart as in those without thrombi in 
this area. 

270 Commonwealth Avenue. 

74. Garvin, C. F. : Mural Thrombi in the Heart as a Source of Emboli, Am. J. 
M. Sc. 201:412, 1941. 



News and Comment 


Announcement of Fellowships in Medicine and Public Health. The 
Commonwealth Fund of New York, a philantliropic foundation established in 
1918 by the late J^Irs. Stephen V. Harkness, announces that it is offering through 
the Pan American Sanitary Bureau fifteen fellowships for one year’s study of 
public health subjects or postgraduate medical courses to properly qualified 
persons who are citizens of the other American republics. Fellowships in public 
health will be open to physicians, sanitary officers, technicians, public health nurses, 
etc. Fellows will be selected through a system of cooperation with medical and 
health authorities of the different countries concerned, and whenever it is deemed 
advisable they will be interviewed by traveling representatives of the Pan American 
Sanitary Bureau. Each fellowship will provide living allowances while the holder 
is in the United States, travel costs and tuition. Knowledge of the English 
language and the possession of certain specific qualifications will be among the 
requirements. 

Application blanks giving complete information will be available through the 
Commonwealth Fund, 41 East Fift 5 '-Seventh Street, New York; the Pan American 
Sanitary Bureau, Washington, D. C., or chiefs of American Missions in Latin 
America. 

Proceedings of the Federation of American Societies for Experi- 
mental Biology. — The Federation of American Societies for Experimental 
Biologi", composed of the American Physiological Society, the American Society 
of Biological Chemists, the American Society for Pharmacology and Experimental 
Therapeutics, the American Society for Experimental Pathology, the American 
Institute of Nutrition and the American Association of Immunologists, began 
publication of the federation proceedings in 1942. 

Four issues will be published annually. Each year the March issue will contain 
the complete program of the scientific sessions of all the component societies as 
prepared for the forthcoming annual meeting of the federation, with abstracts of 
all scientific papers to be presented ; the June and the September issue will contain 
the full text of twenty or more papers presented at the annual meeting, including 
probably the papers on the joint society program and papers of several society 
symposiums, and the December issue will contain material pertinent to the member- 
ship of the federation, i. e., the officers and a membership list, together wdth an 
index of the completed volume. 

The subscription price is $4 (S4.75 foreign), payable in advance. Subscriptions 
should be sent to Dr. D. R. Hooker, Managing Editor, 19 West Chase Street, 
Baltimore. 

Eighth Annual Meeting of the Mississippi Valley Medical Society. 

The eighth annual meeting of the Mississippi Valley Medical Society wdll be held 
in the Hotel Lincoln-Douglas, Quincy, 111., September 30 and October 1 and 2. 
The program w'ill be given by tw'enty-five clinician teachers wffio will present over 
forty lectures, demonstrations, instructional courses, etc. On September 30 there 
will be a series of instructional courses by Kansas City clinicians and a com- 
plimentary stag supper. On October 1 a group of w'ell known Chicago teachers 
will have charge. A special physicians’ sports event program will be featured on 
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this date, with prizes for golf, sheet, bowling, archery and horseshoes. The banquet 
will be addressed by Dr. Edward H. Cary, of Dallas, Texas, past president of the 
American Medical Association, and the presidents of the state medical societies of 
Illinois, Iowa and Missouri. There will be numerous technical and scientific 
exhibits. Every ethical physician is cordially invited to attend, and no registration 
fee will be charged physicians in the uniforms of the armed forces of the United 
States. The complete program will appear in the September issue of the Mississippi 
Valley Medical Journal, and further information may be secured from the secretary 
of the society, Harold Swanberg, M.D., W. C. U. Building, Quincy. 

Meeting of the Medical Editors at Quincy, III., September 30. — The 
second annual meeting of the Mississippi Valley Medical Editors’ Association will 
be held at the Hotel Lincoln-Douglas, Quincy, 111., the evening of Wednesday, 
September 30. This will be a dinner meeting under the leadership of Dr. Clyde 
P. Dyer, of St. Louis, editor of the St. Louis County Medical Bulletin and presi- 
dent of the Mississippi Valley Medical Editors’ Association. All past and present 
medical editors and those persons interested in medical journalism or medical 
writing are cordially invited to attend. There is no registration fee. The program 
of the meeting or dinner reservations may be secured through Dr. Harold Swan- 
berg, secretary of the association, W. C. U. Building, Quincy. 

American Association for the Advancement of Oral Diagnosis. — The 
ninth annual congress of the American Association for the Advancement of Oral 
Diagnosis will be held in Boston November 12 and 13 at the Forsyth Dental 
Infirmary. 

The subject of this year’s congress will be “The Military Aspects of Oral 
Diagnosis.” 

Members of the medical and the dental profession in the United States and 
the countries of the Western Hemisphere who are interested are cordially invited 
to attend and may obtain programs by communicating with the secretary, 
H. Justin Ross, 515 Madison Avenue, New York. 



Book Reviews 


Arthritis and Allied Conditions. By Bernard I. Comroe, A.B., M.D., F.A.C.P. 

Second edition Price, §9. Pp. 878. Philadelphia ; Lea & Febiger, 1941. 

The appearance of a second edition of Comroe’s book on arthritis a short time 
after the publication of the first edition attests to the value of the work. It 
apparently has been well liked by the reading medical world and has proved of 
worth to students, to practitioners and to specialists in the field of arthritis. It is 
rather refreshing, parenthetically, to have a book of this character emanating from 
the pen of a man who is fundamentally an internist rather than an orthopedist. 

The new edition has undergone a complete revision. Although arthritis seems 
to be more or less of a static condition, a considerable number of new thoughts, 
suggestions and practices have evolved in the last few years, all of which are 
incorporated and discussed in the book. Incidentally, forty additional illustrations 
have been added to the volume. 

This new edition follows closely the general plan of the first edition. Three 
introductory chapters deal with the general features of arthritis, and then follows a 
series of chapters on rheumatoid (atrophic) arthritis. Starting at page 59, rheuma- 
toid arthritis in all its many aspects, although largely treatment, occupies nearly 
the next three hundred pages. To degenerative joint disease (osteoarthritis) are 
assigned two chapters. Succeeding tliis are divisions devoted to spondylitis, 
fibrositis, radiology, rheumatic fever, gonorrheal arthritis, tuberculosis and syph- 
ilitic joint disease, traumatic arthritis and gout, as well as several others. Chapter 
43 deals with the painful shoulder, really b 3 ' no means an expression of arthritis, 
but nevertheless it does seem appropriate to incorporate it in this book, as well as 
chapters 44 and 45, on painful feet and on backache. The last chapter of the 
book deals with the sulfanilamide compounds. There is a question in the mind of 
the reviewer whether there is any necessity of incorporating such a chapter in a 
book devoted to arthritis ; certainly extremely rarely is there any indication for 
the administration of one of these compounds in the treatment of arthritis, surely 
not of the ordinary and common form of the disease to which so many chapters 
are devoted. One other criticism that might seem legitimate is the rather poor 
arrangement of the chapters. It might be advisable to put the ones on radiology 
and arthritis, the organization of a clinic for arthritic patients and several others 
in the early part of the book, which represents a more or less general discussion 
of the problems of arthritis, then systematically follow through with those devoted 
to the various types of the disease. In discussing the treatment of rheumatoid 
arthritis the author gives the usual physical method of treatment, then adds 
a chapter which has to do largely with the use of neoarsphenamine, acetylsalicylic 
acid and iodides and the treatment of associated anemia; then follows a chapter 
on vaccines, succeeded by one on the orthopedic management of arthritis, which 
certainly should be incorporated with the discussion of physical measures. 

The book, even if not well organized, is carefully and thoughtfully written. 
The illustrations are commendable, and the boxed incorporated summaries are 
advantageous to students or to rapid readers. The format of the book is excellent, 
as would be expected from its publishers. 

La enfermedad reumatica. By Domingo Urrutia M. and Samuel Vaisman B. 

Pp. 191, with graphs, diagrams, photomicrographs and electrocardiograms. 

Santiago de Chile : La Sud- America, 1941. 

The impetus initiating this monograph was derived from a realization that 
rheumatic heart disease is an enormous public health problem. The authors are 
members of the department of clinical medicine of the University of Chile, and it 
was published under the auspices of tlie Direccion General de Sanidad y El 
Departmento Central de Madre y Nino. 
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The monograph is written principally for practitioners of medicine in Chile, 
particularly for those in the remote provinces. It is an orderly discussion of 
rheumatic heart disease, starting with its social significance and relating the 
etiology, the pathologj^ the clinical aspects, the laboratory data and the treatment 
of the disease. 

In preparing their discussion the authors have reviewed and briefed most of the 
recent publications on the subject. Their main sources have been from the United 
States of America and Great Britain, though some are from Germany, France and 
South America. In all, they reviewed seventy-one publications. They also have 
included their own observations based on a series of 285 rheumatic children treated 
during the last five years by the department of student health of the University of 
Chile, 5,000 students treated during the last five years in Santiago and on 430 
hospitalized patients treated over a ten year period in the university, as well as a 
review of 13,144 autopsy reports compiled since 1919 by members of the pathology 
department of the university. 

It is interesting to note that their results to date closely simulate those reported 
from similar latitudes in the northern hemisphere. 

The monograph is bound in paper ; reading is facilitated by large type, titles and 
subtitles in bold-faced print and a resume in bold-faced print at the end of each 
chapter. 

Acute Alcoholic Intoxication: A Critical Review. By Henry W. Newman, 
M.D. Price, $2.50. Pp. 207. Stanford University, P. O., Calif. : Stanford 
University Press, 1941. 

Dr. Henry W. Newman, assistant professor of medicine (neuropsychiatry) of 
Stanford University Medical School, is well qualified to discuss the problem of 
acute alcoholic intoxication, as shown by his numerous publications on this subject 
during the past ten years. 

The book is not intended to review in detail all of the literature but instead 
is designed to present the major contributions of the last few years which add to 
the scientific and fundamental understanding of the subject. 

The contents are divided into two parts; the first deals with the general actions 
of ethyl alcohol, namely, the absorption and distribution, the excretion and the 
combustion of this substance. This section brings together many scattered reports 
from the literature and presents them as individual points of view. 

The second part deals with the toxicology of ethyl alcohol, namely, the acute 
toxicity of this substance, the chemical diagnosis of drunkenness and the treatment 
of acute alcoholic intoxication. This section, perhaps the most valuable^ part of 
the book, presents the results of work on many original problems which have 
practical value in the medicolegal practice of medicine. The practical application 
of tests for drunkenness is described in detail. The research concerning the 
problem of acute intoxication and that concerning the operation of motor vehicles 
was carried out by the author in collaboration with the California Department of 
Motor Vehicles in an effort to improve legislation regarding drunken driving. 

The book contains a compilation of original work done by the author and 
other investigators. Their experimental results are presented, and the conclusions 
are left for the reader to draw. 

Personality and Mental Illness. .By John Botvlby, M.D. Price, $2.75. Pp- 
288, with charts. New York: Emerson Books, Inc., 1942. 

This interesting study deals with personality traits which when e.xaggerated 
lead to recognizable psychotic states. The author’s point is that physchoses are 
more quantitative than qualitative deviations from a person’s previous status. le 
material is well handled and written in excellent style ; it makes interesting an 
convincing reading. 
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MORTALITY IN DIABETIC COMA 


MORRIS F. COLLEN, M.D. 

BERKELEY, CALIF. 


Mortality statistics of diabetic coma at the Los Angeles County 
General Hospital are here presented and analyzed in an attempt to 
evaluate the importance of the various factors which influence the 
mortality of such coma. 

The data were compiled from all consecutive cases of diabetic coma 
encountered in this hospital from 1930 through 1940. Included were 
only those cases in which were present (1) an elevated level of blood 
sugar, (2) a low carbon dioxide-combining power and (3) clinical 
symptoms of diabetic coma, with definite signs of mental depression. 
This series totaled 315 cases of coma in 274 diabetic patients. Coma 
occurred twice in 16 patients, three times in 5 patients, four times in 
1 patient and seven times in 2 patients. 


GROSS MORTALITY STATISTICS 


As has been emphasized by many observers,^ the gross mortality 
of diabetic coma has little comparative value, since so many variable 
factors are involved in determining the severity of coma in an individual 
patient. No 2 cases or series of cases can be directly compared unless 
they represent attacks of approximately equal severity. 

Table 1 presents gross mortality statistics from six series of cases. 
Since the cases in the various series do not necessarily represent episodes 


Dr. Solomon Strouse contributed assistance, criticisms and suggestions during 
the preparation of this paper. 

From the Department of Medicine, College of Medical Evangelists, and Los 
Angeles Count}-- General Hospital. 

_ 1. (o) Baker, T. W.; Clinical Survey of One Hundred and Eight Consecu- 

Uve Cases of Diabetic Coma, Arch. Inf. Med. 58:373-406 (Sept.) 1936. (b) Toslin 

Marble, A., and Joslin, A. P.; Diabetic Coma’ 
dnd. 59:175495 (Feb.) 1937. (r) Dillon, E. S.. and Dyer, W. W. Faces’ 

the Prognosis m Diabetic Coma, Ann. Int. Med. 11:602-617 1937 
(d) Rabinowjtch, I. M. ; Fowler, A. F., and Benslev E H • r 

m 12:1403.1428, !939. (., Owen. L.B.. and Ro^t, t S 
Diabetic Coma: Basic Importance of Mental State, Am. J. M. Sc. 198^252-260, 
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of equal severity, tliese gross statistics are of little value in indicating 
success in treatment. The purpose of this study is to determine what 
variables are important in estimating the severity of coma and to derive 
a method for directly comparing cases under identical conditions. 


PRECIPITATING FACTORS 

The factors which could be considered responsible for precipitating 
the attacks of coma in this series of cases were studied. The precipitating 

Table 1. — Gross Mortality Statistics 

Xo. of Xo. of Mortality, 


Ho.spital Cases Deaths % 

Mayo Clinic (]93G)in 1C8 17 15.7 

Xew England Deaconess Hospital (1037)^'> 018 38 11.9 

Philadelphia General Hospital (1937)is ?C 3 117 13.7 

Montreal General Hospital (1939)i'' 123 .33 ZG4 

Cincinnati General Hospital (1939)’<' 92 47 51.0 

I os Ange'cs County General Hospital (1940) 315 105 33.3 


Table 2. — Prcciftitatiiig Factors'* 


A. Infections 182 (54.07e) 

1. Infection of the respiratory tract 105 

(a) Infection of the upper respiratory tract C4 

(b) Pneumonia 27 

(c) Tuberculosis 7 

(d) Otitis media 7 

2. Acute gastrointestinal upsets 28 

• 3. Subcutaneous abscesses, etc 24 

4. Foot infections, gangrene 12 

5. Pyelitis, pyelonephritis 0 

6. Miscellaneous 7 

B. Dietary infractions or omission of insulin 17 (22.0%) 

1. Insufficient insulin ; 43 

2. Dietary indiscretions (?) IS 

3. Xo treatment prior to coma 10 

C. Miscellaneous factors 1^ (4.1%) 

D. Xo recorded factor (10.0%) 


♦ Twenty-two cases in which the patients were in diabetic acidosis but were mentally alert 
i\cre included in this table only. 

factor in a case of diabetic coma was considered to be a definite recent 
illness, a disturbance in a patient’s dietar}’’ or insulin regimen or other 
immediate unusual event in his histor}^, with subsequent appearance of 
symptoms of coma. 

As shown in table 2, in 54 per cent of all cases coma was precipitated 
by infections, the great majority of Avhich affected the respiratory tract. 

Insulin insufficiency was the second most common precipitating factor 
of coma, due either to complete cessation of insulin or administration 
of sufficient doses. 
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Acute gastrointestinal upsets included dysenteries, food poisonings, 
etc., but in many cases it was difficult to determine whether a gastro- 
intestinal upset precipitated the coma or whether it was the first symptom 
of coma. 

Dietary indiscretion as the precipitating agent was probably not as 
important a factor as the table would indicate. Careful study of the 
histories in each of the 18 cases so classified proved it difficult to deter- 
mine whether pure dietary or carbohydrate excess was the primary 
causative agent. In 4 cases the onset of coma was associated with 
acute alcoholism. In the remaining ones the history was not incom- 
patible with mild food poisoning, acute gastritis or simple acute 
gastrointestinal upset. The question of associated insufficient insulin 
dosage as a contributing factor could not be ruled out in many instances. 
Critical analysis indicated that although in the 18 cases coma was pre- 
cipitated by unusual or excessive food intake, in none could it be . 


Table 3. — Time of Death 


After entry 

1 

2-5 

0-12 

13-24 

2o-3C 

37-4S 

49-72 

7.1-90 

5*7 

8-14 


Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Days 

Days 

Number of deaths 

4 

n 

24 

24 

13 

8 

0 

5 

O 

3 


directly attributed to pure carbohydrate excess. It has been the con- 
tention of Mirsky and co-workers - that excessive carbohydrate ingestion 
is not a precipitating cause for diabetic coma. 

Coma was the mode of onset of diabetes in 16 cases. Five per cent 
of comas occurred in patients who were unaware of previous diabetes. 

Foot infections and gangrene as the precipitating factors occurred 
predominantly in the older age groups. 

TIME OF DEATH AFTER ADMISSION TO HOSPITAL 

How soon a patient died after admission to the hospital tends to 
indicate to some degree the severity of coma on admission. It is noted 
in table 3 that 48 per cent of fatalities occurred six to twenty-four 
hours after entry into the hospital. Four per cent of deaths occurred 
within one hour after admission, the condition obviously being terminal 
on entry. Five per cent of deaths occurred after four days from 
complications, not from diabetic coma per se. 

2. Mirsky, I. A.; Franzblau, A. N.; Nelson, N., and Nelson, W. E. : Role 
of Excessive Carbohydrate Intake in the Etiology of Diabetic Coma T Clin 
Endocrinol. 1:307-315, 1941. 
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CHRONOLOGIC DISTRIBUTION 

Table 4 presents the percentage mortality of diabetic coma according 
to years. It is noted that the average percentage mortality in all cases 
from 1930 through 1934 was 41.7 per cent. During this period patients 
in diabetic coma were admitted to various wards throughout the hospital. 
In May 1934 two wards for diabetic patients were inaugurated, and 
all such patients have since been segregated in these wards, under 


Table 4. — Chronologic Distribution 


Year 

No. of Cases 

No. of Deaths 

Mortality, % 

1930 

15 

8 

53.3 

1931 

12 

3 

25.0 

1932 

27 

9 

33.3 

1933 

41 

19 

4C.3 

1934 

8 

4 . 

50.0 

1930-1934 

103 

43 

41.7 

1935 

18 

4 

22.2 

193G 

27 

7 

25.9 

1937 


13 

35.1 

1938 

42 

IG 

SS.l 

1939 

44 

12 

27.3 

1940 

44 

10 

22.7 

1935-1940 

212 

C2 

28.3 

1930-1940 

315 

105 

.33.3 




Table 5 . — Seasonal 

Distribution 





Number of Number of 

Mortality, 



Month 

Cases 

Deaths 

% 

Infections 

January 


28 

8 

29.G 

14 

February... . 


2G 

11 

42.3 

12 

March 


24 

10 

41. G 

14 

April 


25 

11 

44.0 

15 

May 


21 

7 

33.3 

8 

June 


20 

G 

30.0 

10 

July 


32 

9 

28.1 

14 

August 


23 

G 

2G.1 

13 

September 


29 

G 

20.7 

12 

October 


30 

11 

3G.7 

15 

November 


22 

9 

40.8 

9 

December 


35 

10 

28.8 

18 


the supervision of attending and resident physicians especially inter- 
ested in diabetes mellitus. Probably as a result of this specialized care, 
the average percentage mortality from 1935 through 1940 was 28.3 
per cent. The gross average mortality in 315 cases of diabetic coma 
from 1930 through 1940 was 33.3 per cent. 


SEASONAL DISTRIBUTION 

A study of the cases according to the month in which the patients 
were admitted for coma revealed (table 5) that their distribution 
throughout the twelve months .was quite uniform, the greatest incidence 
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being in December. Baker and Joslin and associates' have found 
coma to be most frequent in August. When the cases with associated 
infection were plotted by months (table 5), the greatest incidence of 
infection was also found to be in December. There was a close i elation 
between incidence of coma and incidence of associated infection. 

A striking variation of mortality with season was also demonstrated 
in table 5. A low mortality of about 29 per cent occurred in December 
and January, rising to a high of 44 per cent in April, then decreasing 
to a second low of 20.7 per cent in September and again rapidly rising 
to a second high peak of 40.8 per cent in November. The two high 
peaks of mortality in spring and late fall are clearly shown in figure 1. 
Although it was observed that a close relation existed between monthly 
incidence of coma and associated infection, no relation was noted between 
monthly incidence of infection in diabetic coma and mortality. Likewise, 



Fig. 1. — Monthly distribution of mortality of diabetic coma, incidence of coma 
and incidence of infections in 315 cases of diabetic coma. 

t 

study of the original data revealed that the number of deaths in each 
individual month was evenly distributed throughout the years, so that 
the peak in November, for example, rvas not due to an epidemic of 
deaths in any one year. 

RELATION OF MORTALITY TO SEX 

As shown in table 6 the average mortality for the two sexes was 
equal. It is interesting to note that in almost two thirds of the cases 
of coma the patients were women ; this greater frequency has also been 
demonstrated by other observers.^ 

Owens stated that coma occurs more frequently during the decade 
of puberty and of menopause, with higher mortality in the female in 


3. Joslin, E. P.; Root, H. F.; White, P.; Marble, A., and Hunt, H. M.: 
Diabetic Coma, M. Clin. North America 16:793-827, 1933. 
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these periods. Table 6 confirms the observation that coma apparently 
was more prone to occur during the puberal and the climacteric period, 
but mortality was not higher in the female. 

RELATION OF MORTALITY TO AGE 

The oldest patient was an 85 year old woman, who died of compli- 
cating empyema of the gallbladder and pneumonia. The oldest patient 
to recover was a 75 3''ear old man whose blood contained 832 mg. of 
sugar per hundred cubic centimeters and had a carbon dioxide-combining 
power of 13 volumes per cent. The youngest patient was 6 years old. 


Table 6. — Itiferrclafion of Sc.r, Age and Mortality 




Males 

K 



Females 



Number of 

Number of 

Mortalitj’, 

/ 

Number of 

Number of 

Mortality, 

Age, Yr. 

Cases 

Deaths 

% 

Cases 

Deaths 

% 

0-g 

G 

1 

IG.C 

G 

2 

33.3 

10-19 

21 

O 

14.3 

44 

2 

4.5 

20-29 

22 

G 

27.3 

50 

9 

30.0 

30-39 

18 

4 

22.2 

25 

7 

28.0 

40-49 

25 

11 

44.0 

33 

12 

3G.4 

50-59 

14 

7 

50.0 

28 

17 

G0.8 

60-C9 

0 

4 

GG.G 

22 

8 

30.3 

70-)- 

G 

4 

GG.G 

9 

8 

89.0 

Total 

118 

40 

33.9 

1!)7 

G5 

33.0 


Table 7. — Relation of Mortality to Age 


Number of Number of Mortality, 

Age, Yr. Cases Deaths % 

—15 IG G 13.0 

lG-30 85 14 IG.o 

31-50 105 41 .39.0 

51-70 05 33 50.7 

71-)- 14 11 78.G 


The largest group of cases represented patients between 30 and 50 
years of age. 

Table 7 shows the relation of mortalit}'- to the age of a patient. As 
the age of the patient increases, the mortality increases in a direct 
relation. Patients 80 years of age had roughly about twice the mortality 
of patients 40 years of age, who in turn had approximately twice the 
mortality of patients 20 years of age. The age of the patient, there- 
fore, is obviously an important factor in influencing the seventy of 
diabetic coma. 

■ RELATION OF MORTALITY TO DURATION OF COMA 

The length of time a patient had been in coma was not always 
definite but was estimated from the time at which the patient definitely 
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became drowsy. The longest duration of coma before admission 
to the hospital was ninety-six 'hours, as observed in 6 cases. The 
duration of coma is usuall}'^ considered an important factoi in determin- 
ing the prognosis, and table 8 indicates that this is true to a certain 
degree ; however, previous observers have not analyzed the relation 
in adequately small periods over a sufficient time. It was noted that 
the mortality rose rapidly as duration of coma approached twenty-four 
hours, then reached a plateau from twenty-five to forty-eight hours, 
after which the percentage mortality actually dropped. As has been 
demonstrated elsewhere, ‘‘ untreated patients in coma and still alive 
after forty-eight hours not only had a lower average mortality, but 
had a less severe degree of acidosis. 

Table 8. — Rclalion oj Mortality to Duration of Coma 


Number of Number of Mortality, 


Hours Cases Deaths % 

—12 184 43 23.4 

13-24 02 20 41.9 

25-36 2 1 50.0 

37-48 17 0 53.0 

40-1- 15 5 33.3 

Unknown 35 


Table 9. — Relation of Mortality to Degree of Uneonsciousness 


Degree of Unconsciousness 

Number of 
Cases 

Number of 
Deaths 

Mortality, 

% 

Drowsy 

85 

5 

5.9 

Semiconscious 

93 

20 

21.5 

Unconscious (responds to painful stimuli) 

lOG 

54 

51.0 

Completely unconscious 

31 

2G 

83.8 


RELATION OF MORTALITY TO DEGREE OF UNCONSCIOUSNESS 

Table 9 shows that as the degree of mental depression increased, 
the mortality increased proportionately. Patients admitted in uncom- 
plicated diabetic “coma” who were alert and conscious had a mortality 
of zero in this hospital. As has been emphasized by Rabinowitch and 
associates'^ and borne out by this series of cases, alert patients in a 
state of diabetic acidosis should not be classified as being in coma. No 
case in which a patient was alert or conscious was included in this series. 
Patients admitted completely unconscious and not responding to painful 
stimuli, such as corneal touch or supraorbital pressure, had the high 
mortality of 83.8 per cent. Thus the degree of unconsciousness of a 
patient is an important factor in determining the severity of toma. 

4. Collen, M. F. : Interrelation of the Factors Influencing Mortality in Dia- 
betic Coma; A Statistical Study, Arch. Int. Med., this issue, p. 369. 
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RELATION OF MORTALITY TO BLOOD PRESSURE 

Although it is a well known fact that the mortality of diabetic coma 
is closely related to blood pressure, few writers have included blood 
pressure among those factors of greatest importance in determining 
ultimate prognosis.^ Previous attempts to estimate the importance of 
blood pressure in grading severity of coma have been based only on 
systolic blood pressure.^'* Table 10 A shows that when S3'^stolic blood 
pressure was over 90 mm. of mercury, the average mortality was 27.6 
per cent. When the systolic blood pressure fell to shock levels, i. e., 


Table 10. — Relation of Mortality to Blood Ptcssuic 


A Systolic Blood Pressure, Mm. He 

Xuinber of 
Cases 

Number of 
Deaths 

Mortiilitj, 

% 

00+.. 

210 

58 

27 0 

89 80. 

18 

13 

72 2 

79-70. 

7 

4 

57.2 

09 GO 

O 

2 

100 0 

59-50 

4 

4 

100 0 

49— . 

17 

14 

82 3 

B Diastolic Blood Pressure, Mm He 




80+. 

105 

25 

23 8 

79 70. 

50 

13 

20 0 

09 00. 

42 

13 

310 

59 50. . 

21 

12 

571 

49 40. . 

10 

8 

800 

39—.. 

28 

23 

82 2 

Unknown 

59 



C Pulse Pressure, Mm. Hg 




00+. . 

49 

17 

34 7 

59 40 

83 

24 

28 G 

39 30. . 

50 

20 

30 0 

29 20.. 

27 

9 

33.3 

19— 

14 

13 

92 8 


under 90 mm. of mercury, the mortality immediately rose to over 72 2 
per cent. Groups in which the blood pressure values ranged from 79 
to 50 mm. of mercury were combined because of the small number of 
cases. It is obvious that the systolic blood pressure is valuable only 
in classifying severity of coma in two kinds of patients: (1) those in 
shock, with an average mortality of about 75 per cent, and (2) those 
not in shock, with an average mortality of about 28 per cent. 

Physiologically, the diastolic blood pressure is a better measure of 
shock than the systolic blood pressure, and table 10 B bears out this 
point. It -is evident that as the diastolic blood pressure fell, the mortality 

5. (c) Wilder, R. M. : Clinical Diabetes Mellitus and Hyperinsulinism, Phila- 
delphia, W. B. Saunders Company, 1940. (b) Owens and Rockwern.i® 
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correspondingly rose in an almost direct relation. The diastolic blood, 
pressure has a much closer quantitative relation to percentage o£ mor- 
tality than the systolic blood pressure and is therefore an important 
factor influencing the mortality of diabetic coma. 

To determine whether the pulse pressure had an effect on mortality 
table 10 C was prepared. Mortality was independent of pulse pressure 
until the pulse pressure fell below 20 mm. of mercury to obvious shock 
levels; then the mortality immediately jumped from 33 to 92.8 per 
cent. Pulse pressure confirms and bears out the important effect of 
shock on mortality but is of no value as a quantitative yard stick with 
which to measure severity of coma. 

RELATION OF MORTALITY TO BLOOD SUGAR 

Although it is usually stated that the mortality of diabetic coma is 
not dependent on the degree of hyperglycemia, it has been shown by 

Table 11. — Relation of Mortality to Blood Sugar 

Number of Number of Mortality, 


Sugar, Mg./lOO Cc. Cases Deaths % 

—299 25 2 8.0 

3C0-499 09 23 23.2 

500.799 130 52 38.2 

800-999 SO 18 50.0 

1,000+ 19 10 52.6 


various observers that there is a definite rise in mortality with higher 
values of blood sugar. This is also confirmed liy the present .study 
(table 11), which shows a definite rise in mortality as blood sugar 
rises, leveling off at an average mortality of about 50 per cent with 
blood sugar values over 800 mg. per hundred cubic centimeters. The 
highest level of blood sugar in this series was 1,334 mg. per hundred 
cubic centimeters, in a patient who died in shock thirty-six hours after 
admission. The highest level of blood sugar in a patient who recovered 
was 1,332 mg. per hundred cubic centimeters, in a 12 year old boy, 
admitted unconscious, with duration of coma under twelve hours, no 
blood pressure obtainable and a carbon dioxide-combining power of 
the blood of 22 volumes per cent on admission. The highest value 
reported for blood sugar in a case of nonfatal coma was 1,850 mg. per 
hundred cubic centimeters.® 

6. Dillon, E. S., and Dyer, W. W.: Diabetic Coma with Extreme Hyper- 
glycemia, Am. J. M. Sc. 190:683-686, 1935. 
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RELATION OF MORTALITY TO THE CARBON DIOXIDE- 
COMBINING POWER OF THE BLOOD 

It has long been believed that the carbon dioxide-combining power 
of the blood is a measure of the severity of diabetic coma. In fact, 
Joslin and associates established a carbon dioxide-combining power 
of the plasma of 20 volumes per cent as the arbitrary dividing line 
between coma and precoma. However, reference to table -12 indicates 
that in cases in which the carbon dioxide-combining power is more 
than 20 volumes per cent the mortality is as high as in cases in which 
the carbon dioxide-combining power is 10 volumes per cent. The 
average mortalit}'^ in all cases in which the carbon dioxide-com- 
bining power of the blood was 20 volumes per cent 'or over was 
33.3 per cent ; the average mortality in all cases in which this factor 
measured 19 volumes per cent or under was exactly the same, namely, 

Table 12. — Relation of Mortality to the Carbon Dioxide-Combining 

Power of the Blood 


Number oi Number of Mortality, 

Carbon Dioxide, Voi. % Cases Deaths % 

20+ CO 23 33.3 

19-10 75 23 30.7 

15-12 79 24 30.4 

11-8 70 22 31.4 

7-4 20 .12 CO.O 

3— 2 1 50.0 


33.3 per cent. In 69 (22 per cent of the entire series) the value for 
this factor was over 20 volumes per cent. On the basis of similar data, 
Dillon and Dyer included in their series all cases in which the carbon 
dioxide— combining power of the blood was 29 volumes per cent or below, 
and Baker included cases in which this faetpr measured 28 volumes 
per cent or below. 

Rabinowitch and co-workers,^*' citing a total of 713 cases of coma, 
showed conclusivel}'^ that there is no relation between the carbon dioxide- 
combining power of the blood and mortality; in fact, they pointed out 
that the highest mortalities occurred in cases in which this factor was 
greater than 25 volumes per cent. The highest value in my series 
was 30 volumes per cent, in a 75 year old man, admitted without any 
history obtainable, completely unconscious and with a blood pressure 
of 80 mm. of mercury systolic and zero mm. of mercur}'^ diastolic, a 
blood sugar level of 715 mg. per hundred cubic centimeters and no 
complications ; the patient died in shock six hours after admission , 
autopsy failed to disclose any abnormalities other than those consistent 
with uncomplicated diabetic coma. The lowest value for the carbon 
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dioxide-combining power of the blood in this series was 3 volumes 
per cent, in a 46 year old woman, admitted unconscious and with a 
blood pressure of 130 systolic and 80 diastolic measured in millimeters 
of mercury, a blood sugar level of 582 mg. per hundred cubic centi- 
meters, blood nonprotein nitrogen level of 63 mg. per hundred cubic 
centimeters and a complicating infection of the upper respiratory tract; 
she responded to therapy but died two weeks later of pyelonephritis. 

RELATION OF MORTALITY TO BLOOD NONPROTEIN NITROGEN 

The highest value for blood nonprotein nitrogen in a case of 
uncomplicated diabetic coma was 156 mg. per hundred cubic centi- 
meters, for a 48 year old woman, admitted semiconscious, in a coma of 
forty-eight hours’ duration and with a blood pressure of 90 systolic 
and 60 diastolic measured in millimeters of mercur}^ a blood sugar 
level of 666 mg. per hundred cubic centimeters and a carbon dioxide— 


Table 13. — Relation of Mortality to Blood N onprotcin Nitrogen 



Number of 

Number of 

Mortality, 

Nonprotein Nitrogen, Mg./lOO Co. 

Cnscs 

Deaths 

% 

—40 

43 

0 

20.9 

41-00 

35 

13 

37.1 

01-80 

22 

13 

59.0 

81-100 

14 

7 

50.0 

101-120 

4 

3 

75.0 

121-f- : 

4 

4 

100.0 

Unknown 

193 




combining power of 28.6 volumes per cent; the patient died of anuria 
four days after admission ; autopsy revealed a normal heart and normal 
kidneys; the diagnosis was severe azotemia due to uncomplicated dia- 
betic coma. 

Table 13 indicates a direct relation between mortality and degree 
of azotemia. In cases in which the value for blood nonprotein nitrogen 
were normal the average mortality was 20.9 per cent ; in cases in which 
the values exceeded 121 mg. per hundred cubic centimeters the mortality 
was 100 per cent. Blood nonprotein nitrogen is an important factor 
in determining the severity of diabetic coma. 

RELATION OF MORTALITY TO COMPLICATIONS 

The mortality of diabetic coma rises with any complication. Table 
14^ shows that the presence of an infection approximately doubled 
the mortality. On the other hand, a complication which was capable of 
causing death independent of the coma (table 14 5) more than quad- 
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rupled the mortality. More detailed study of the relation between com- 
plications and mortality is shown in table 14 C. This table includes 
complications of all types, in which the severity of the complication was 
estimated and graded from 1 (very mild) to 5 (very severe). It is 
evident from table 14 C that complications occurred in over half (56 per 
cent) of the cases of coma. The average mortality in cases of uncom- 
plicated coma in this series was 22.8 per cent; that in cases of compli- 
cated coma rose in direct proportion to the severity of the complication, 
very severe complications (grade 5) having 90.8 per cent mortality. 
The two groups of cases in which complications were mild (grades 1 
and 2) predominantly represented infections of the respiratory tract 


Table 14 . — Relation of Mortality to ConiNicoHons 


' 

Number of 

Number of 

Mortality, 


Oases 

Deaths 

% 

A. Relation of Mortality to Infections 

Infection absent 

1G3 

40 

24 5 

Infection present ... 

152 

65 

42.0 

B. Relation of Mortality to Acute Associated 

Diseases Capabio of Causing Death Inde- 
pendent of Ooina 

Disease absent . .. 

220 

07 

16,8 

Disease present 

95 

63 

71.5 

C. Relation of Mortaiity to Coinpiications of 

Ail T'ypes 

Severity of complication 

None 

13S 

SI 

22.8 

1 

7S 

8 

10.2 

2 . . 

11 

2 

18.2 

O 

18 

0 

27.8 

4 . . 

16 

10 

62.5 

5 ... . . . . 

54 

49 

908 


in younger age groups. This age factor explains the lower average 
mortality in groups in which complications were mild than in the group 
without uncomplications comprising all ages. Although the estimation 
of the severity of a complication is arbitrary, requiring much clinical 
judgment, it is evident from this series of cases that the percentage 
mortality is directly proportional to the severit}' of the complication. 
The presence of a complication is an important factor influencing the 
mortality of diabetic coma. 

MISCELLANEOUS FACTORS 

Patients in diabetic coma with coffee ground vomitus had an average 
mortality of 25 per cent in this series. The presence of hematemesis, 
therefore, does not have any great significance in prognosis. 
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Other studies ' have shown that there is little relation between 
degree of leukocytosis and mortality. The great majority of patients 
in coma had white cell counts over 10,000 per cubic millimetei. 


CAUSES OF DEATH 

Analysis of the 105 deaths in this series revealed that in cases of 
uncomplicated coma 74.3 per cent of the patients died of shock. In 
cases of complicated coma only 36.6 per cent of the patients died of 
shock, while death in the remaining cases was due to associated diseases 
(most important of which were pneumonia 28.1 per cent, sepsis 15.5 
per cent and cardiac failure 8.5 per cent). This indicates that the 
treatment of diabetic coma should he directed, first, toward the preven- 
tion of and treatment of shock, and, second, toward the correction 
of any associated disease. 

ESTIMATION OF SEVERITY OF DIABETIC COMA 

It has been shown that there are many factors which influence the 
severity of diabetic coma and the resulting mortality, namely, the age 
of the patient, the degree of unconsciousness, the blood pressure, the 
duration of coma, the blood nonprotein nitrogen, the blood sugar and 
the severity of complications. Theoretically, an ideal index of severity 
of diabetic coma would be one which would indicate that very mild 
forms (grade 1) would have practically zero mortality, moderately 
severe forms (grade 3) would have about 50 per cent mortality and 
very severe forms (grade 5) would have about 100 per cent mortality. 
In other words, there should exist a linear relation between mortality 
and severity index. Figure 2 demonstrates that if one grades the various 
factors from 1 to 5, in which grade 1 is very mild and grade 5 very 
severe and plot their relation to percentage mortality, using values 
obtained in tables 7 through 14, the factors fall into two groups. Those 
in figure 2 A, namely, the age of the patient, the degree of uncon- 
sciousness, the diastolic blood pressure, the severity of complications 
and the blood nonprotein nitrogen, all show almost a linear relation 
between the severity of the factor and the percentage mortality, approxi- 
mating closely the theoretic “ideal” index. These factors obviously 
are important and dependable criteria for evaluating severity of coma. 
On the other hand, in figure 2 F it is evident that the systolic blood 
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pressure and the carbon dioxide-combining power of the blood can 
have little value in indicating the severity of coma, whereas the dura- 
tion of coma and the height of blood sugar may have some limited 
value. 



II 



Fig. 2. — Relation between percentage mortality and the severity of various 
factors in diabetic coma. 

DEVELOPMENT OF A SEVERITY INDEX OF DIABETIC COMA 

It has been demonstrated that no single factor may be taken by 
itself as a reliable index of severity and prognosis in diabetic coma. For 
the purpose of determining a quantitative index for estimation of the 
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degree of severity of coma, so that mortality statistics of different 
series may be comparable, Rabinowitcli and associates developed a 
“severity index” based on evaluation of the several variables, as shown 
in table 15. Grades of severity from 1 to 5 were assigned to each 
variable, and the combined use of all the variables gave an index of 
severity which the authors demonstrated to be superior to general 
clinical impression and estimation of severity. Although this is a 
marked advancement toward proper evalution and comparison of cases, 
it was felt from this study that certain modifications of the Rabino- 
witch severity index were indicated. 

In the present study age, degree of unconsciousness and blood non- 
protein nitrogen all were shown to have a direct relation to mortality; 

Table IS. — Calculation of Severity Index (Rahinozvitch) 





Rating 



Factor 

1 

0 

3 

4 


Age, yr 

—15 

10-20 

31-50 

51-70 

n-f 

Duration of coma, hr 

—12 

13-24 

25-36 

37-48 

49-)- 

Degree of unconsciousness 

Coffee ground vomitus 

Infection 

Drowsy 

Semi- 

conscious 

Unconscious 
(but responds 
to pain) 
Present 
Present 


Completely 

unconscious 

Blood pressure, systolic, mm. 

89-80 

79-70 

09-00 

59-50 

49— 

Hg 

Carbon Dioxide-Combining 

19-lG 

15-12 

11-8 

7-4 

3— 

power, vol. % 

Nonprotein nitrogen, mg. per 

41-00 

01-80 

81-100 

101-120 

121-4- 

100 Cc. 

Associated conditions (acute 
conditions capable of causing 

Very mild 

Mild 

jModerately 

severe 

Severe 

Very severe 

death independent of coma) 


these factors deserve the values assigned to them. With reference to 
duration of coma, Rabinowitch in his analysis failed to study this factor 
in twelve hour periods, as presented in table 8. This table and also 
figure 2 B indicate that duration of coma does not bear a direct relation 
to mortality, as does age, for example. A patient who has been in 
coma fifty hours does not deserve a rating five times that of a patient 
who has been in coma ten hours. Figure 2 B shows that patients in 
coma over twenty-four hours have a mortality of 40 to 50 per cent; 
it is felt, therefore, that patients in coma over twenty-four hours deserve 
a grade 3 of severity but no further separation is justifiable. Patients 
in coma under twenty-four hours do not deserve any grade, since too 
much “padding” of the lower indexes of severity results. 

Cases in this series in which coffee ground vomitus was present 
had only 25 per cent mortality ; this being below average mortality for 
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the entire series, the presence of hematemesis does not indicate a higher 
mortality and does not deserve an additional grade. 

It has been shown in table 10 and figure 2 B that diastolic blood 
pressure is a much more reliable index of severity than systolic blood 
pressure; it is therefore recommended that diastolic blood pressure 
be used in determining the severity' index. 

It has been indicated repeatedly in this discussion that the carbon 
dioxide-combining power of the blood has no relation to severity of 
coma; a patient with a value for this factor of 5 volumes per cent does 
not deserve a more severe grade than one with a value of 20 volumes 
per cent. It is concluded that there is no justification for including 
this factor in the calculation of the severity index. 

T \HLE 16. — Modified Severity Index of Diabetie Coma 


Rntine 


r~ 

Factor 

1 

2 

3 

4 

5 

Age, IT 

—15 

16-30 

31-50 

51-70 

71-)- 

Diastolic blood pressure, mm. 
Hg 

Complication 

C9-C0 

59-50 

49-40 

39-30 

-27 

Very mild 

Mild 

iVJoderately 

severe 

Severe 

Very severe 

Blood nonprotein nitrogen, 
mg./lOO cc. 

41.00 

Cl-SO 

81-100 

101-120 

121-1- 

Degree of unconsciousness 

Duration of coma, hr. 

Blood sugar, mg./lOO ce 

Drowsy 

Semi' 

conscious 

Unconscious 
(responds 
to pain) 

24 -f 

800-)- 

Completely 

unconscious 



In the Rabinowitch severity index consideration is given to com- 
plications of two types, infections and acute conditions capable of 
causing death independent of coma. The present series of cases indi- 
cated that patients with chronic heart disease have as high a mortality 
as patients with other acute conditions. Serious complicating chronic 
diseases are as important as acute conditions in influencing mortality. 
An additional grade 3 because the complication is an infection is not 
justified, for the same condition is graded twice; e. g., a patient with 
moderately' severe gangrene of the foot, which is secondarily infected, 
would receive a grade 3 for an associated condition and a grade 3 
for the presence of an infection, which would give him a total grade 
of 6 for complicating diseases ; whereas a patient with a much more 
severe complication of massive cerebral hemorrhage receives only a 
grade of 5. It is recommended that all complications be placed in one 
group, as has been done in this series of cases. A patient with acute 
follicular tonsillitis has a very' mild complication and receives a gra e 
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of 1 ; a patient with mocleratel}' severe gangrene of a foot receives a 
grade of 3, and a patient with hypertensive heart disease and evidence 
of congesth'e heart f^lure receives a grade of 5. Such conditions as 
arteriosclerosis and latent syphilis are not considered as complications. 

It has beeh shown in table 11 and figure 2B that a definite relation 
exists between blood sugar and mortality. Figure 2B indicates that 
a patient with a blood sugar value over 800 mg. per hundred cubic 
centimeters has a mortality of over 50 per cent. Such a value then 
deserves all additional grade of 3. 

As a result of these studies a modification of the Rabinowitch 
severity index is proposed and is presented in table 16. 


CALCULATION OF SEVERITY INDEX 

Two examples of the method by which the index of severity is 
calculated are given: 


Example 1 : 

Factor 

Age of patient 

Diastolic blood pressure.. 
Severity of complication.. 
Blood nonprotein nitrogen 
Degree of unconsciousness 

Duration of coma 

Blood sugar 


Severity Grade 
30 yr. 2 

60 mm, Hg. 1 

None 0 

65 mg./lOO cc. 2 

Semiconscious 2 

15 hr. 0 

870 mg./lOO cc. 3 


Severity index 10 

From figure 3 it is seen that a severity index of 10 gives this patient 
a prospective mortality of about 20 per cent, according to this series 
of cases. 


Example 2: 

Factor 

Age of patient 

Diastolic blood pressure.. 
Severity of complication.. 

Blood nonprotein nitrogen 
Degree of unconsciousness 

Duration of coma 

Blood sugar 


Severity Grade 

60 yr. 4 

0 mm. Hg 5 

Gangrene and 5 

pneumonia 
95 mg./lOO cc. 3 

Complete 4 

15 hr. 0 


700 mg./lOO cc. 0 


Severity index 21 

Figure 3 shows that the prospective mortality for this patient is 
98 per cent. 
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COMPARISON OF INDEXES 

Of the entire series of cases, in only 107 were sufficient data avail- 
ble to calculate the severity index by the methods brought out. Table 17 
presents the same 107 cases with severity indexes calculated both by 
the Rabinowitch and by the modified index. It is noted that the 
Rabinowitch index produces mortalities consistently low in the groups 
of cases of milder coma. There is not sufficient difference in mortality 
of patients with indexes below 10 to warrant separation; this is due 
to the “padding” of unnecessary factors in the groups of cases of milder 
coma and is eliminated in the modified index. This is better shown in 
figure 3, in which the mortality curves are plotted for both indexes. 



Fig. 3. — Comparison of actual mortality and calculated mortality in 107 cases 
of diabetic coma. 

The “ideal” index would be a direct straight line relation between 
mortality and severity index. It is evident that the Rabinowitch index 
produces values too low and gives a curve which falls below the “ideal 
in its entiret 3 ^ The proposed modified index approaches more closely 
to the “ideal.” 

The modified severity index is recommended because (1) it is 
simpler, (2) it is theoretically more accurate and (3) it actually gives 
a more direct relation to mortality. 

DERIVATION OF A SEVERITY FORMULA 

Further analysis of the modified severity index and of figure 2 
suggested that a mathematical formula might be obtained lepresenting 
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the relation betweeii mortality and severity, thus further simplifying 
calculations. 

As was pointed out in discussion of figure 2 A, there is a direct 
relation between mortality and (1) the age of the patient, (2) the degree 
of unconsciousness, (3) the diastolic blood pressure, (4) the severity 
of complications and (5) the blood nonprotein nitrogen. Of less 
importance is the relation between mortality and the blood sugar and 
the duration of coma. To obtain a formula of greater simplicity for 
practical, use, it is evident that both duration of coma and blood sugar 
are of secondar}'^ importance in estimating mortality. It has been shown 
elsewhere ^ that a direct linear relation exists between blood nonprotein 
nitrogen and diastolic blood pressure. Because of the direct quantita- 
tive relation between the two, one may be used to represent the other ; 
to use both factors may give too much weight to the same primary 
influencing factor; therefore, blood nonprotein nitrogen may be repre- 

Table 17 . — Comparison of Percentage Mortality Calculated zoith Severity 
Indexes and the Severity Formula 


Rabinowitcli Inde.\ Modified Index Severity Formula 

A — - - — — ^ 


Deaths Deaths Deaths 

— — ^ I I— > N'n rtf — . .A, „ ‘Fnr'i'niiln. Xn nf _ „ .a._ 


Index 

Xo. of 
Cases 

' Xo. 

—A ^ 

% 

Xo. of 
Cases 

r 

No. 

% 

Formula 

% 

, Xo. of 
Cases 

/— 

No. 

% 

-5 

2 

0 

0.0 

12 

0 

0.0 

—20 

28 

4 

14.3 

0-10 

2S 

1 

3.0 

41 

4 

9.8 

21-40 

38 

7 

•18.5 

11-15 

20 

10 

27.8 

29 

17 

58.5 

41-00 

10 

8 

50.0 

1(V21 

31 

25 

73.5 

21 

18 

85.0 

01-80 

21 

19 

00.0 

21-f 

7 

7 

100.0 

i 

4 

100.0 

81 

4 

4 

100.0 


sented by diastolic blood pressure. Although there is a direct relation 
between age and complicating diseases, these two factors are still funda- 
mentally independent, the direct relation being due to coincidental but 
constant occurrence of more frequent and severe complications in the 
older age groups. Both age and complicating diseases must be considered 
in estimating severity of coma. Therefore, one finds four “primary” 
fundamental factors influencing mortality, namely, (1) age, (2) dias- 
tolic blood pressure, (3) degree of unconsciousness and (4) compli- 
cating diseases. Figure 2 A shows the relation of these four basis 
variables to mortalit3c It is seen that they all lie along the average 
“ideal” severity index sought and that the mean of these four curves 
will approach this “ideal” closely. 

The curve of mortality versus age is closely approximated by a direct 
proportion : 

(a) mortality = age 

The curve of mortality versus diastolic blood pressure is approxi- 
mated by: ... . 

(y) mortality — 100 diastolic blood pressure 
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The curve of mortality versus degree of unconsciousness is approxi- 
mated by: 

(c) mortality = 30 (degree-of unconsciousness) — 25 

in which the degree of unconsciousness is graded from 1 to 4. 

The curve of mortality versus complicating diseases has been sim- . 
ilarly approximated to simplify the final formula: 

{d) mortality = 30 (severit}’- of complication) — 25 

in which the severity of the complication is graded from 1 to 5. 

Adding formulas (n), {b), (c) and {d) and dividing by 4 to obtain 
an average composition formula representing all these factors, one 
obtains : 


Mort. % == ^0 (Uncon.) — 25 + 30 (Comp.) — 25 + Age + 100 — D.B.P. 


By simplifying one obtains: 


4 


Mort. % = 30 (Uncon. + Comp.) + Age + 50 — D.B.P. 

4 


in which 


Mort. % = predicted average percentage mortality 
Uncon. = degree of unconsciousness (graded 1 to 4) 

Comp. = severity of complication (graded 1 to 5) 

. Age = age of patient (years) 

D.B.P. = diastolic blood pressure (mm. mercurj-) 

By the use of this formula, one obtains a direct value in ijercentage 
which is equivalent to the average percentage mortality which a patient 
has according to this series of statistics. 

For example, a 30 year old patient admitted semiconscious (grade 2), 
with a diastolic blood pressure of 60 mm. of mercury and no complicating 
diseases, has a prospective mortality of: 

Mort.. % = 30 (2 + 0) + 30 + 50 — 60 = 20% 

4 

From simple examination of this patient and use of this formula it is 
quickly determined that the prospective mortality of this patient is 20 per 
cent ; i. e., he has one out of five chances of dying of coma. 

Again for example, a 60 year old patient is admitted completely 
unconscious (grade 4), with no blood pressure obtainable and with 
gangrene of one foot and lobar pneumonia (grade 5 complication). 
The prospective mortality of this patient is : 

Mort. % = 30 (4 + 5) + 60 + 50 — 0 = 95% 

4 ^ ^ 

To indicate the accuracy of this formula, it was applied in the 
same 107 cases listed in table 17 and actual mortalit}'’ was compare 
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to predicted mortality. For comparison of the formula with the severity 
indexes the cases were separated into five groups of 20 per cent each, 
groups which are actually too large to indicate the true accuracy of 
the formula. In figure 3 the actual mortality is plotted against pre- 
dicted mortality by use of the formula; along the ordinate is plotted 
the actual mortality, and along the lower abscissa is plotted the mor- 
tality calculated by the severit}^ formula for the same 107 cases. It is 
apparent that the formula as an index is superior to the Rabinowitch index 
and even closer to the “ideal” than the modified index. The fact that the 
actual mortality is slightly higher than the calculated mortality in the 
most severe coma is an advantage rather than a disadvantage, since 
improved methods of treatment will tend to lower the actual mortality 
and the actual and the calculated mortality will approach one another. 

The formula indicates that although chemical values of the blood 
are indispensable in following the treatment of coma and in indicating 
the severity of acidosis, they are not necessary in estimating mortality 
in diabetic coma. Other writers ® are in agreement that a much more 
accurate prognosis can he given from clinical data than from labora- 
tory data. 

The formula is recommended as being most valuable because (oj 
it is simplest, {b) it indicates percentage mortality directly without 
referring to a table or graph, (c) it is more accurate than either 
severity index and {d) it permits estimation of the severity of diabetic 
coma by simple examination without waiting for reports of chemical 
study of the blood. 

SUMIMARY AND CONCLUSIONS 

A study of the various factors influencing the mortality in 315 cases 
of diabetic coma at the Los Angeles County General Hospital brings 
out the following: 

1. Mortality statistics in diabetic coma are of no value unless attacks 
of coma of equal severity are compared. 

2. Coma occurs more frequently during the puberal and the climac- 
teric decade. Mortality is equal in the two sexes. 

* 3. In the great majority of cases death in diabetic coma is due to 

shock or associated complicating disease. One half of all fatalities in 
coma occur betsveen six and twenty-four hours after admission to the 
hospital. 

4. Factors of greatest importance and of fundamental nature influenc- 
ing the mortality of diabetic coma are (a) the age of the patient,' 
(&) the-diastolic blood pressure, (c) the degree of unconsciousness and 
(d) complicating diseases. ' 

8. Dillon and Dyer.ic Wilder.*'" 
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5. Factors of lesser importance in estimating severity of diabetic 
coma are (a) duration of coma, (Z?) blood nonprotein nitrogen and 
(c) blood sugar. 

6. There is no relation between the carbon dioxide-combining power 
of the blood and mortality. 

7. A modified index of severity is recommended for use in estimating 
severity of diabetic coma. 

8. A severity formula is also derived which indicates severity of 
coma and allows one to predict average prospective mortality. 


608 San Miguel Avenue. 



INTERRELATION OF THE FACTORS INFLUENCING 
MORTALITY IN -DIABETIC COMA 

A STATISTICAL STUDY 

MORRIS F. COLLEN, M.D. 

BERKELEY, CALIF, 

A study ^ of the various factors influencing the mortality of diabetic 
coma in 315 consecutive cases at the Los Angeles County General 
Hospital from 1930 through 1940 brought out the following con- 
clusions : 

1. Factors of greatest importance in influencing the mortality of 
diabetic coma are (a) the age of the patient, (b) the level of diastolic 
blood pressure, (c) the degree of unconsciousness of the patient and 
(d) the severity of the complicating disease. 

2. Factors of lesser importance in estimating severity of diabetic 
coma are (a) the duration of coma before treatment is instituted, (b) 
the level of blood nonprotein nitrogen and (c) the level of blood sugar. 

3. There is no relation between the carbon dioxide-combining 
power of the blood and mortality. 

The previous study suggested that perhaps some of these factors are 
“primary,” whereas others are “secondary,” produced by and dependent 
on fundamental changes in the primary factors. For example, may it be 
assumed that elevation of blood nonprotein nitrogen is a secondary 
factor depending on age and blood pressure? Does severity of shock, 
acidosis, hyperglycemia or azotemia increase the longer the patient is 
in coma? Is the height of blood sugar dependent on the value of the 
carbon dioxide-combining power of the blood or vice versa? In an 
attempt to answer these and other similar questions cross analysis of 
the various factors was undertaken. 

Theoretically, in a study of the relation of two interdependent 
variables, all other factors should be kept constant. For example, to 
study the relation of blood nonprotein nitrogen to age, a group of cases 
of uncomplicated coma should be selected in which there are the same 
degree of unconsciousness, height of blood pressure, level of blood sugar 
and carbon dioxide-combining power, etc., so ,that the only known 

From the Department of Medicine, College of Medical Evangelists, and Los 
Angeles County General Hospital. 

Dr. Solomon Strouse contributed assistance, criticism and suggestions during 
the preparation of this paper. 

1. Collen, M. F. : Mortality in Diabetic Coma, Arch. Int. Med., this issue, p. 
347. 
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variables would be age and iionprotein nitrogen. This was attempted, 
and it was soon discovered that too few cases fell into each restricted 
group to warrant any deduction. Therefore, two variables were plotted 
against one another, on the assumption that the other factors would tend 
to balance out. 

METHOD OF ANALYSIS 

Figure 1 exemplifies the method used to study the interrelation of two factors. 
In this graph the cross analysis of the relation between blood sugar and the 
carbon dioxide-combining power of the blood is attempted. It is noted that of 
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Fig. 1. — Interrelation of blood sugar and the carbon dioxide-combining power 
of the blood. 


25 patients with blood sugar values of 299 mg. per hundred cubic centimeters 
or lower (severity of grade 1), 12 patients had a carbon dioxide-combining 
power of 20 volumes per cent or over (severity of grade 1), 8 had values of 
19 to 16 volumes per cent (severity of grade 2), 3 had values of 15 to 12 volumes 
per cent (severity of grade 3) and 2 had values of 11 to 8 volumes per cent 
(severity of grade 4), with an average carbon dioxide-combining power for the 
whole group of about 19 volumes per cent. Similarly, patients with blood sugar 
values from 300 up to and including 499 mg. per hundred cubic centimeters 
(severity of grade 2) had carbon dioxide-combining power graded as follows : 
severity of grade 1, 23 patients; grade 2, 28 patients; grade 3, 25 patients, 

grade 4, 17 patients, and grade 5, 5 patients, with an average carbon dioxide- 
combining power for the group of about 16 volumes per cent. In like manner, 

it is determined that patients with blood sugar values from 500 to 799 mg. per 

hundred cubic centimeters (severity of grade 3) had an average carbon dioxide- 
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combining power of about 5 volumes per cent, patients with blood sugar values 
of 800 to 999 mg. per hundred cubic centimeters (severity of grade 4) had an 
average carbon dioxide— combining power of 12 volumes per cent and patients 
with blood sugar values of 1,000 mg. per hundred, cubic centimeters or over 
(severity of grade 5) had an average carbon dioxide-combining power of about 
15 volumes per cent. These average carbon dioxide-combining powers lie along 
the heavy solid line (fig. 1), which therefore indicates the relation between carbon 
dioxide-combining power of the blood and blood sugar, with blood sugar used 
as the independent factor and carbon dioxide-combining power as the dependent 
factor. In other words, it indicates whether and how carbon dioxide-combining 
power varies with blood sugar. It is evident that carbon dioxide-combining power 
definitely falls as blood sugar rises. 

By using the same figure 1 and laying it on its side, the study may be 
repeated, with the carbon dioxide-combining power of the blood as the inde- 
pendent factor and blood sugar as the dependent factor. It is seen that of patients 
with a carbon dio.xide-combining power of 20 volumes per cent or over (severity 
of grade 1), 12 patients had blood sugar values of -299 mg. per hundred cubic 
centimeters or under, 23 patients had values from 300 to 499 mg., 24 patients 
had values from 500 to 799 mg., 5 patients had values of 800 to 999 mg. and 
3 patients had values of 1,000 mg. or over, with an average blood sugar value 
for the group of about 450 mg. per hundred cubic centimeters. Likewise, for 
each severity grade of carbon dioxide-combining power, the average blood sugar 
value is determined, and a second curve is obtained (fig. 1), indicated by the 
vertical broken line, which shows the variation of blood sugar with the carbon 
dioxide-combining power of the blood. It is evident that as the carbon dioxide- 
combining power falls, sugar on the average slightly rises. 

It must be appreciated that the two curves obtained from the graph were 
calculated from the use of two separate sets of figures, even though these figures 
were all included within the same graph ; the curve showing the dependency of 
the carbon dio.xide-combining power of the blood on blood sugar was obtained 
by taking averages in a vertical direction, whereas the second curve, showing 
the dependency of blood sugar on carbon dioxide-combining power, was taken by 
averaging a different set of numbers in a horizontal direction. 

In a similar manner tlirough the use of thirty-two comparable graphs (too 
extensive to reproduce here), si.xty-four curves were obtained, showing the inter- 
relation of eight variables. These curv'es are aggregated and plotted to scale on 
one graph (fig. 2) for convenience and comparison. 

Figure 2 shows the interrelation, through cross analysis, of the various factors 
influencing the severity and mortality of diabetic coma. Each factor is analyzed 
as though it were an independent fundamental factor, with all the other factors 
secondary. The factors are plotted according to their severity; namely, 0, normal 
level or absence of the factor; 1, the mildest degree, and 5, the most severe 
degree. 

RESULTS 

Age . — In studying the dependency of the factors on the age of the 
patients,, figure 2a has the abscissa (base line) divided into five groups, 
group 1 (15 years and under), group 2 (16 to 30 years), group 3 (31 to 
50 years), group 4 (51 to 70 years) and group 5 (71 years and over). 
The following observations may be noted : 

1. Average blood pressures, systolic and diastolic, in all age groups 
are about the same ; patients in the older age groups do not tend to go 
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into shock more easily than children. However, in this series of cases 
it was rare for a patient over 45 years of age to go into shock and 
recover, whereas younger persons were admitted completely uncon- 
scious with blood pressures of zero and recovered. 

2. The duration of coma, is equal in all age groups. Children are 
not brought into the hospital earlier than adults. 

3. The average values for blood sugar and blood nonprotein 
nitrogen are somewhat higher in the older age groups. These may be 
minor contributing factors to the higher mortality of aged patients, since 
it has been shown that mortality is directly proportional to blood non- 
protein nitrogen and somewhat dependent on blood sugar. 



e. Blood H.P.H. Bioxide^ombinlng Pover g.Blood Sugar h. Conpllcatlons 


Fig. 2. — Interrelation of various factors influencing the severity of diabetic 
coma. The following abbreviations have been employed : 5 " nffj blood sugar , C s, 
carbon dioxide-combining power of the blood; NPN, nonprotein nitrogen content 
of the blood; Unc, degree of unconsciousness; Com, severity of complications, 
DBF, diastolic blood pressure; SBP, S5’^stolic blood pressure, and Dm, duration 
of coma. 

4. The carbon dioxide-combining power of the blood has no rela- 
tion to age. Aged patients do not go into acidosis more easily than 
children, or vice versa, 

5. Patients in the older age groups have, on the average, a more 
severe degree of unconsciousness on admission. This may indicate that 
in “coma” the)'^ become unconscious more easily than do children, an 
may also be a contributing factor toward the increased mortality of the 
aged patients. 
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6. It is at once evident that the severity of complications is probably 
the most important single factor explaining the increased moitality of 
the older age groups. Figure 2a shows that complications in patients 
below 50 years of age are of mild severity. Complications are mod- 
erately frequent in children, being mostly acute infections of the upper 
respiratory tract with or without complicating otitis media, etc., with 
low mortality. In the older age group the majority of comas in this 
series of cases were complicated, and the majority of complications 
were pneumonia, heart disease and gangrene of the feet with sepsis, 
all severe complications usually warranting a severity grade of 4 or 5. 
Complications are not only more severe in older age groups but are 
more frequent. In this series, of those cases in which the patients were 
under 15 years of age, 40 per cent of the comas were complicated; of 
patients from 31 to 50 years, 53 per cent had complications, and of 
those patients over 70 years of age, 71.5 per cent had complications. 

In summary, the age of the patient influences many factors ; as age 
increases, severity and frequency of complications markedly increase, 
degree of unconsciousness definitely increases and average values for 
blood sugar and blood nonprotein nitrogen increase. 

Degree of Unconsciousness . — Figure 2b shows the dependency of 
the various factors on the degree of unconsciousness. The base line is 
calibrated as 1 (drowsy), 2 (semiconscious), 3 (unconscious but 
responding to painful stimuli) and 4 (completely unconscious). Study- 
ing these curves, one finds the following statements can be made : 

1. Although figure 2a shows that the degree of unconsciousness 
is dependent on age, the converse is not as marked. In other words, 
although elderly patients tend to have, on the average, a more marked 
degree of unconsciousness, unconscious patients are found to have an 
average age only moderately higher than that of drowsy patients. A 
60 year old patient in coma has a 50 per cent chance of being uncon- 
scious (group 3) and only a 20 per cent chance of being drowsy. A 
patient admitted unconscious in diabetic coma has a 35 per cent chance 
of being 60 years old and a 20 per cent chance of being 25 years of age. 

2. Duration of coma is practically independent of degree of uncon- 
sciousness. Unconscious patients on the average have been in coma 
only slightly longer than drowsy patients. 

3. Blood pressure definitely varies with the degree of unconscious- 
ness. As the degree of unconsciousness becomes more severe, the 
diastolic blood pressure rapidly falls. The majority of completely 
unconscious patients are in severe shock. 

4. Rising values for blood sugar and blood nonprotein nitrogen 
and a falling value for the carbon dioxide-combining power of the blood 
all increase in severity with increasing depth of unconsciousness. Blood 
sugar and blood nonprotein nitrogen increase definitely, completely 
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unconscious patients having on the average one severity grade higher 
than drowsy patients. Although the severity of acidosis increases with 
the degree of unconsciousness, the changes are not as striking. The 
degree of acidosis increases (the carbon dioxide-combining power of the 
blood falls) only one-half a severity degree from drowsiness to com- 
plete unconsciousness. 

5. Again, it is noted that the severity of complications is the most 
important factor of all. Patients admitted unconscious or completely 
unconscious usuall}'’ have complications, the complicating disease usually 
being severe. In this series, if one considers only cases of complication 
in which the patient was unconscious (grade 3), the average severity 
of the complication was grade 4. It becomes apparent that the degree 
of unconsciousness of the patient influences all factors. It is a good 
indication of the severity of the complication and the degree of shock 
and is closely linked with age and with chemical changes in the blood. 

Duration of Coma . — Figure 2c indicates the influence of the duration 
of coma on the various factors. The duration of coma is divided into 
five groups, 1 (twelve hours and under), 2 (thirteen to twenty-four 
hours), 3 (twenty-five to thirty-six hours), 4 (thirty-seven to forty- 
eight hours) and 5 (forty-nine hours and over). 

1. It is interesting to note that the carbon dioxide-combining power 
of the blood definitety rises witli duration of coma. It has also been 
demonstrated ^ that as duration of coma increases, mortality first rises, 
then falls; as the value of carbon dioxide-combining power falls, 
mortality first tends to fall, then later rises. Figure 2f also indicates 
the inverse relation between carbon dioxide-combining power and dura- 
tion of coma; the lower values of carbon dioxide-combining power 
are usually associated with comas of short duration ; the higher values 
of carbon dioxide-combining power, on the average, are present in 
patients who have been in coma over a longer period. 

2. As duration of coma increases, the average degree of uncon- 
sciousness and the level of blood nonprotein nitrogen rise, to reach a 
peak at about thirty-six hours; then the severity of these factors 
decreases as time goes on. 

The graphs indicate that after a patient has been in coma thirty-six 
to forty-eight hours, the average degree of unconsciousness, the level 
of blood nonprotein nitrogen and the percentage of mortality fall. It 
is suggested that untreated patients in coma and still alive after forty- 
eight hours survive because they can better tolerate acidosis. 

Blood Pressure . — Figure 2d indicates the important influence of 
diastolic blood pressure on the various factors. Diastolic blood pressure 
is plotted along the abscissa in six groups, group 0 (over 70 mm. mer- 
cury), group 1 (69 to 60 mm. mercury), group 2 (59 to 50 mm. 
mercur}?), group 3 (49 to 40 mm. mercury), group 4 (39 to 30 mm. 
mercury) and group 5 (29 mm. mercury and under). 
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1. It is evident that all the important factors, namely, degree of 
unconsciousness, severity of complications, blood sugar and bloo 
nonprotein nitrogen, rapidly increase in severity as blood pressure 
falls and depth of shock increases. This merely stresses the importance 
of blood pressure as a fundamental factor influencing the severity of 
coma. 

2. Average age and duration of coma are not influenced by blood 
pressure to any significant degree. Shock is not more frequently 
present in aged patients than in young ones. 

3. Peculiarly enough, the value of the carbon dioxide-combining 
power of the blood is usually relatively high in the most severe cases 
of shock; the lowest blood pressures tend to be accompanied by the 
highest values for carbon dioxide-combining power. It is shown in 
figure 2j that blood pressure is not dependent on the carbon dioxide- 
combining power. 

Blood Nonprotein Nitrogen . — In figure 2e blood nonprotein nitro- 
gen is plotted along the abscissa in six groups, group 0 (values below 
40 mg. per hundred cubic centimeters), group 1 (41 to 60 mg.), group 
2 (61 to 80 mg.), group 3 (81 to 100 mg.), group 4 (101 to 120 mg.) 
and group 5 (121 mg. and over). 

1. Outstanding in figure 2e is the finding that diastolic blood pres- 
sure is definitely influenced by the degree of azotemia and that systolic 
blood pressure is affected to a lesser degree. Comparing figures 2d and 
e, one sees that blood nonprotein nitrogen varies with the diastolic 
blood pressure, just about the same as blood pressure varies with blood 
nonprotein nitrogen; there is a direct linear relation between the two. 

2. Blood sugar increases with rising blood nonprotein nitrogen 
in the lower degrees of azotemia. After blood nonprotein nitrogen 
reaches about 80 mg. per hundred cubic centimeters, there is no further 
rise in average blood sugar values. 

3. The carbon dioxide-combining power of the blood shows a 
remarkable relation to blood nonprotein nitrogen. The average level 
of carbon dioxide-combining power falls in lower degrees of azotemia, 
but in those cases in which uremia is .definitely marked the carbon 
dioxide-combining power of the blood lends to be relatively high. Of 8 
patients with values for blood nonprotein nitrogen over 100 mg. per 
hundred cubic centimeters, 3 patients had values for carbon dioxide- 
combining power of over 20 volumes per cent ; the lowest value for this 
factor in this group was 8.9 per cent. 

4. The degree of unconsciousness, age and duration of coma are 
not remarkably influenced by blood nonprotein nitrogen. 

5. If one considers all cases, high values for blood nonprotein 
nitrogen are found just as frequently in uncomplicated, as in compli- 
cated, comas (not graphed). With the exception of uremia due to 
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primary nephritis with associated diabetic coma, there is no relation 
between average levels of blood nonprotein nitrogen and severity ol 
complications. 

Carbon Dioxide-Combining Power of the Blood . — Figure 2f indi- 
cates the influence of the carbon dioxide-combining power of the blood 
on the various factors. The carbon dioxide-combining power is plotted 
along the abscissa in six groups, group 0 (20 volumes per cent or over), 
group 1 (19 to 16 volumes per cent), group 2 (15 to 12 volumes per 
cent), group 3 (11 to 8 volumes per cent), group 4 (7 to 4 volumes per 
cent) and group 5 (3 volumes per cent or lower). 

1. As the carbon dioxide-combining power of the blood falls, the 
degree of unconsciousness increases. 

2. The blood nonprotein nitrogen rises moderately as the carbon 
dioxide-combining power falls. Since it has been demonstrated that 
diabetic acidosis produces renal tubular damage,^ the deduction that 
increasing severity of acidosis would produce increasing azotemia is 
supported. 

3. As discussed with reference to figure 2c, an inverse relation 
appears to exist between duration of coma and level of carbon dioxide- 
combining power. Figure 2f indicates that the lower values for carbon 
dioxide-combining power tend to be associated with comas of shorter 
duration. 

4. Blood sugar is influenced only slightly by the carbon dioxide- 
combining power ; a low value for the latter factor tends to be associated 
with slightly higher blood sugar levels than does a high value. 

5. Age, blood pressure and severity of complications are not influ- 
enced to any remarkable degree by the level of the carbon dioxide- 
combining power. On the whole, figure 2f is notable by the absence of 
any influence of the carbon dioxide-combining power on the majority 
of severity factors, which again tends to minimize the importance of this 
factor in evaluating the severity of a diabetic coma.® 

Blood Sugar . — Figure 2g shows the influence of blood sugar on 
the various factors. Blood sugar is plotted along the abscissa in five 
groups, group 1 (299 mg. per hundred cubic centimeters and under), 
group 2 (300 to 499 mg.), group 3 (500 to 799 mg.), group 4 (800 
to 9^ lug.) and group 5 (1,000 mg. and over). 

The following observations may be made : 

1. Blood nonprotein nitrogen definitely increases with rising 
blood sugar. Figures 2e and g reveal that a close relation exists 

2. Tollman, J. P., and Kirk, E. J.; Diabetes Mellitus with Reference to 
Kidney Patliology, Am. J. Clin. Path. 6:357-370, 1936. 

3. Rabinowitch, J. M. ; Fowler, A. F., and Bensley, E. H. : Diabetic Coma, 
Ann. Int. Med. 12:1403-1428, 1939. Collen.i 
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between the two factors, a rise in one tending to be associated with a 
rise in the other ; however, statistically, blood nonprotein nitrogen 
appears to be more dependent on blood sugar than vice versa. 

2. The degree of unconsciousness varies with the level of blood 
sugar. With blood sugar values over 800 mg. per hundred cubic 
centimeters patients are usually unconscious, while with values under 
500 mg. patients are usually semiconscious to drowsy. 

3. Diastolic blood pressure definitely varies with blood sugar 
values, especially in cases of marked hypergl 5 '^cemia. As blood sugar 
levels rise over 800 mg. per hundred cubic centimeters, blood pressure 
rapidly falls. 

4. Average age, duration of coma and severity of complications 
(not shown on the graph) show slight increase with rising blood sugar 
levels. 

5. Blood sugar is an important factor definitely influencing many 
of the variables which determine the severity of diabetic coma. 

Complicating Diseases . — In figure 2h an attempt is made to study 
the influence of the presence of complications on the various factors. 
The complications are graded according to estimated severity from 
1 (very mild) to 5 (very severe) and are plotted along the abscissa. 
The first group (0) comprises cases in which complications are not 
present. 

1. Again the relation between age and complicating conditions 
is outstanding. It is evident that the more severe grades of complicat- 
ing diseases are present in the older age groups. 

2. It is also noted that the degree of unconsciousness rises with 
increasing severity of complication; however, this is not pronounced. 

3. Blood sugar, blood nonprotein nitrogen and the carbon dioxide- 
combining power of the blood are not influenced by complicating dis- 
eases, indicating that the primary metabolic disturbances of diabetic 
coma are not essentially altered by a complication. 

4. Blood pressure and duration of coma are not influenced by 
absence or presence of complications. 

SUMMARY OF CROSS ANALYSIS OF FACTORS 

A Study of 315 cases of diabetic coma at the Los Angeles County 
General Hospital has brought out several factors which influence the 
mortality of diabetic coma. Cross analysis of the interrelation of these 
factors reveals: 

1. The increasing mortality with age is primarily due to the 
increased number and the increased severity of complications in older 
age groups. 

2. The degree of unconsciousness of a patient in diabetic coma 
varies with blood pressure, blood sugar, the carbon dioxide-combining 
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power of the blood, age and severity of the complicating disease in 
decreasing importance. The high mortality in severe degrees of 
unconsciousness is predominantly due to the presence of increased 
frequency and severity of complications and severe shock. 

3. Duration of coma is of secondary importance; however, patients 
in diabetic coma who are untreated for over forty-eight hours and who 
are still alive form an interesting small group who seem to tolerate 
acidosis well and have only moderately severe coma. 

4. The degree of shock varies with the degree of unconsciousness 
and the values for blood nonprotein nitrogen and blood sugar. 

5. The degree of azotemia primarily varies with the blood sugar 
and the blood pressure and to a lesser extent with the degree of uncon- 
sciousness, age and the carbon dioxide-combining power of the blood 
in the order named. The high mortality in severe azotemia is probably 
due to associated shock, there being a direct relation between diastolic 
blood pressure and blood nonprotein nitrogen. 

6. The carbon dioxide-combining power of tbe blood decreases 
with rising blood sugar and increasing depth of unconsciousness. 

7. The degree of hyperglycemia is influenced by diastolic blood 
pressure and to a lesser extent by the degree of unconsciousness. 

8. Although the presence of a complicating disease is an important 
factor influencing the mortality of a patient in coma, it does not appear 
to influence the level of blood sugar or blood nonprotein nitrogen or 
the carbon dioxide-combining power of the blood. 

608 San Miguel Avenue. 
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Emphysema is encountered in 2 to 5 per cent of all necropsies.^ If 
we exclude the senile type of emphysema and those rare instances of 
emphysema due primarily to disease of the thorax, it may be said that 
it is a condition associated with bronchitis and bronchial spasm. These 
disorders obstruct respiration and bring about persistent pulmonary 
overdistention. Coughing, which always accompanies them, is thought 
to exaggerate this distention. Attacks of asthma are nearly always 
associated Avith pulmonar}'’ emphysema, and hay fever is becoming more 
important in any study of the disease. 

Important in the emphysematous lung is the destruction of many 
capillaries in thin, atrophic alveolar walls, resulting in an obstructed 
pulnionar}'- circulation.- This may lead to a high pulmonary arterial 
pressure with hypertrophy of the right side of the heart. Statistics 
compiled from autopsy material by various authors are not in agreement 
as to the incidence of this cardiac hypertrophy, but it is present in a 
varying percentage of cases.® The peripheral venous pressure is 
increased.^ Vital capacity is reduced.® This is marked in cases of 
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severe emphysema, and there is an inability to cope with increased 
metabolic activities. 

Efforts at active treatment of emphysema have been discouraging 
to say the least. Perhaps preventive therapeusis has more to offer. 
Thus more effort should be made to eliminate the cause, if that is 
possible. 

THEORIES OF PATHOGENESIS 

Several important types of emphysema have been recognized, namely, 
h 3 ^pertrophic, or chronic obstructive, emphysema; atrophic, or senile, 
emphysema ; acute vesicular emphysema associated with acute infections 
of the respiratory tract; localized, or compensatory, emphysema due to 
atelectasis or fibrosis, and surgical emphysema, or acute interstitial 
emphysema, associated with chest injuries or artificial pneumothorax.^ 
Of this group probably the most important is hypertrophic, or chronic 
obstructive, emphysema. 

Important factors to be considered in the production of emphysema 
are (1) increased pressure in the alveoli and (2) the resistance of the 
alveolar wall.^ Of these, distention of the alveoli by increased pressure 
is usually thought to be the more important, especially in the obstructive 
type. Increased expiratory pressure with hyperpnea when inspiration 
is unobstructed leads to pulmonary distention. There is also a reflex 
increase in the force of inspiration. Coughing leads to an enormous 
increase in the expiratory pressure. It is the effects of combined 
inspiratory and expiratory pressures in the alveoli which cause the 
greatest degree of pulmonary distention and which if long maintained 
are believed to lead to true substantive emphysema. Emph)'^sema is 
commonly encountered as a result of chronic bronchitis and asthma. In 
cases of chronic bronchitis the degree of obstruction to all parts of the 
lung varies because of edema, infection and the presence of tenacious 
secretions. The parts supplied by the most obstructed bronchi become 
distended, even though there is no hyperpnea. Normally the force of 
inspiration is greater than that of expiration. The elasticity of the lung 
and thorax is sufficient to deflate the unobstructed lung but not to deflate 
fully the obstructed parts. Increase in respiratory effort leads only to 
increased pulmonary'’ distention. This eventually may lead to permanent 
dilatation of the alveoli. 

Changes in the Thorax . — Freund ® first described degenerative 
changes which lead to an increase in the size of the thorax. He men 

5. (a) Kountz, W. B., and Alexander, H. L.: Emphysema, Medicine 13:251- 

316, 1934. (6) Macklin, C. C: Transport of Air Along Sheaths 

Blood Vessels from AlveoH to Mediastinum, Arch. Int. Med. 64.913-92 ( ov. 

1939. {c) Hamman.2 

6. Freund, W. A. : Der Einfluss der primaren Erkrankungen des ^norpUge 
Thorax auf Entstehung gewisser Lungenkrankheiten, Verhandl. d. p >s. me . 
Gesellsch. in Wurzburg 9:223, 1859. 
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tioned the lengthening and thickening of the costal cartilages and the 
ribs. Other authors expressed the belief that Icyphosis of the thoracic 
portion of the spine was important in altering the size of the chest and 
as a cause of emphysema.'^ The atrophic changes of old age may be a 
factor in the production of emphysema. There is a tendency for the 
chest to become barrel-shaped, thus increasing the thoracic space and 
leading to so-called “senile emphysema.” 

Heredity . — Some authors have proposed that there is an inherited 
tendency to such conditions as chronic bronchitis and asthma which 
lead to emphysema. Further, they have suggested that developmental 
defects of the bony thorax may lead to emphysematous changes in the 
lungs.® 

Dejects in the Lung and the Pleura . — Such degenerative and develop- 
mental changes are more apt to be secondary than primary in the 
causation of emphysema. 

Occupational Factors . — In glass blowing and wind instrument 
playing there is increased expiratory pressure. This leads to pulmonar}^ 
distention which may become permanent, but not to emphysema. It 
would seem that emphysema does not develop in the absence of 
hyperpnea.® 

PREVIOUS ATTEMPTS AT EXPERIMENTAL PRODUCTION OF EMPHYSEMA 

According to Harris and Chillingworth,^'’ the first attempts to pro- 
duce emphysema were made by use of a plethysmograph which enclosed 
an animal’s entire body in a negative pressure chamber. The trachea 
was connected with the outside atmospheric pressure, so that the intra- 
pulmonary pressure was in excess of the extrathoracic pressure of the 
chamber. This method did not simulate natural conditions of the disease, 
so these workers devised a ball valve type of obstruction which was 
placed in the trachea of dogs. They made studies which varied from 
twenty-four hours to three weeks in duration. Pathologic changes 
characteristic of emphysema except for the production of fibrous tissue 
developed in their dogs. Prolonged, or chronic, experiments were not 
done, nor was the intrapulmonary pressure measured. 

7. Loeschcke, H.: Aus Lungenemphysem, in Henke, F., and Lubarsch, O.: 
Handbuch der speziellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1928, vol. 3, pt. 1, pp. 612-700. 

8. Engelhard, A. : Lungenemphysem aus bronchialer Lungenblakung, Deutsches 
Arch. f. klin. Med. 175:38-49, 1933. 

9. Kaltreider, N. L. : Pathological Physiology of Emphysema, Internat. Clin. 
2:83-111, 1936. Kountz and Alexander.^a 

10. Harris, W. H., and Chillingworth, F. P.: The Experimental Production in 
Dogs of Emphysema with Associated Asthmatic Syndrome by Means of an Intra- 
trachreal Ball Valve, J. Exper. Med. 30:75-85, 1919. 
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Friedman and Jackson made studies of the carbon dioxide content 
of the blood and the alveolar air during obstructed expiration, such as 
occurs in asthma, and concluded that the increased intrabronchial 
pressure interferes with the free flow of blood through the pulmonary 
capillaries, resulting in venous stasis and accumulation of carbon dioxide 
in the blood. This, in turn, causes an increase in the carbon dioxide 
of the alveolar, air. They produced emphysematous changes in animals 
by the use of a valve which was placed in the trachea. That is, the 
alveoli were dilated and ruptured, but production of fibrous tissue was 
not noted. Their experiments were of the acute type, lasting three to 
eight hours. The pressure in the carotid artery was also studied and 
observed to drop consistently even with a slight increase in the intra- 
bronchial pressure. 

Kountz, Alexander and Dowell ^ reported a large series of cases of 
advanced emphysema with its associated effect on the heart. Experi- 
mental studies on dogs, in which a ball valve had been used, showed that 
extensive emphysema could be produced in a few weeks. They con- 
cluded that advanced emphysema does not necessarily affect the heart 
and that peripheral venous pressure varies directly with changes in 
pressure in the pleural cavity. 

Kountz, Pearson and Koenig attempted to determine the point of 
obstruction to the venous return in instances of emphysema with 
increased intrapleural pressure. They concluded that although there 
may have been some obstruction to the normal blood flow through the 
lungs, the chief obstruction was at or peripheral to the entrance of blood 
into the thorax. Certainly the delay occurred before the blood reached 
the right side of the heart. 

Hinshaw made further attempts at production of emphysema by 
a modification of the original ball valve type of tracheal obstruction. 

Paine, studying the changes in elasticity and histologic structure 
of the lung, inserted special valves into the trachea in dogs to produce 
respiratory obstruction and used operative procedures tending to change 
the thorax in dogs. He concluded that emphysematous changes of the 
pulmonary parench)UTia occur within four to thirty-four weeks when 
either inspiration or expiration is obstructed and that similar changes 

11. Friedman, E. D., and Jackson, H. C.; The Carbon Dio.xide Content of 
Blood and of Alveolar Air in Obstructed Expiration, Arch. Int. Med. 19:767-776 
(May) 1917. 

12. Kountz, W. B. ; Pearson, E. F., and Koenig, K. F. : Observations on Intra- 
pleural Pressure and Its Influence on Relative Circulation Rate in Emphysema, 

J. Clin. Investigation 11:1281-1291, 1932. 

13. Hinshaw, H. C.: Experimental Production of Chronic Obstructive 
Emphysema in Animals, Proc. Staff Meet., Ma 3'0 Clin. 13:599-600, 1938. 

14. Paine, J- R.: Experimental Production of Pulmonary Emphysema, J. 
Thoracic Surg. 10:151-175, 1940. 
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occur within eighteen to twenty-five weeks if the anterior portion of the 
diaphragm is reefed. 

In most of these experiments prolonged studies were not attempted. 

Previous work on the effects of known positive pressure in intra- 
tracheal anesthesia was done in this department by Marcotte and 
associates."'’ Their work indicated certain dangers in increased intra- 
bronchial pressure. They found that mediastinal emph 3 'sema, pneumo- 
thorax and laceration of the pulmonary tissues were produced by 
pressures as low as 18 mm. of mercury. The mechanism of this 
phenomenon has been well explained by Macklin."® Moieovei, once 
mediastinal emphysema had occurred, it tended to continue, even though 
the pressure dropped below the level necessary to initiate it. It was also 
noted that intrabronchial pressure depends chiefly on the patency of 
the outlet rather than the pressure at which air is forced into tlie 
lungs. 

EXPERIMENTAL PROCEDURE 

In our present work we have attempted to carry out acute and chronic experi- 
ments testing the theory of the production of emphysema by elevated intrabronchial 
pressure. An attempt was made to simulate in dogs the short inspiration and the 
prolonged difficult expiration of a person with chronic asthma at the height of 
an attack. In a person with asthma expiration is accompanied by a relatively 
marked increase in intrabronchial pressure because of the obstructed air passages ; 
whereas inspiration is not accompanied by any increase in intrabronchial pressure. 

Intermittent overinflation of the lungs was carried out in biweekly fifteen minute 
periods with controlled intrabronchial pressure. Air was introduced under posi- 
tive pressure into the trachea near the primarj^ bifurcation (carina) and permitted 
to escape back through the upper part of the trachea and the mouth. This outlet 
was obstructed so that various pressures could be maintained within the bronchial 
tree. The period during which air was introduced was arbitrarily three times as 
long as the period during which the air escaped, in keeping with the longer 
expiratory period of an asthmatic person. This intermittent overinflation was 
carried out at a rate of approximately twenty-eight times per minute, or about 
the normal respiratory rate in dogs. Experiments with 2 dogs were carried on 
for eleven months. 

Ten dogs were used (table 1). Three were used for acute study and 7 for 
chronic study. On 3 of the latter group acute studies were also made at the 
end of the period of chronic study. The acute experiments varied from thirty-five 
to seventy-seven minutes in duration ; the chronic, from one week to eleven months. 
The number of inflations with intermittent positive pressure varied from one to 
seventy-six, and the intrabronchial pressures, from 20 to 50 mm. of mercury, 
35 mm. of mercury being the usual pressure in the chronic experiments. 

Apparatus.— This consisted of a modified windshield wiper which was attached 
to an air source. The wiper was so constructed that the pressure delivered and 
the length of the “on” cycle and rate per minute could be easily adjusted. Large 

15. Marcotte, R. J. ; Adams, W. E. ; Phillips, F. J., and Livingstone, H. : 
Differential Intrabronchial Pressures and Mediastinal Emphysema T Thorariv 
Surg. 9:346-355, 1940. 

16. Macklin, C. C. : Pneumothorax with Massive Collapse from Experimental 
Local Over-Inflation of Lung Substance, Canad. AL A. J. 36:414-420, 1937 
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rubber tubing led from the wiper to the trachea. Within this tube was a smaller 
tube leading from a mercury manometer to the exit of air within the bronchia 
tree. This double tubing was led through a tight face mask and airway down 
to the carina. The mask had an adjustable air outlet for regulation of intratrachea 
pressure and escape of air (fig. 1). 

Technic and Method (Preparation of Dogs). — The chronic experiments were 
carried out as follows: A dog was given an injection of 10 cc. of morphine and 
atropine solution (% grain [0.015 Gm.] of morphine sulfate and Visa pain [0.0004 
Gm.j of atropine sulfate per cubic centimeter) twenty to thirty minutes before 
overinflation was done. When fully asleep the dog was placed on its back on the 
table. The direct femoral artery blood pressures were taken before, during and 
after the overinflation. By use of the mouth gag and under direct vision the air 
tube was introduced into the lower portion of the trachea and the face mask applied. 



Fig. 1. — Apparatus for overinflation of lungs by intermittent positive pressure. 


The air pressure was then turned on and maintained, as described earlier, for 
fifteen minutes at a maximum of 30 to 35 mm. of mercury at the level of the carina. 

After several months of biweekly overinflation in 2 dogs used for chronic 
experiments (341 and 496) the middle lobe of the right lung was removed for 
gross and microscopic study and for comparison with the autopsy specimen. 

Similar acute experiments were carried out. In these, kywographic tracings 
were made of the intratracheal air pressure, the pressure in the femoral artery 
and the pressure in the superior vena cava by means of a seeker introduced through 
the external jugular vein to a point several centimeters above the right auricle. 
These pressure studies were made continuously throughout the experiment and 
long enough afterward to permit observation of recovery phenomena. Pressures 
above 35 mm. of mercury were apt to cause serious overdistention of the stomach 
This was prevented by ligation of the esophagus before starting the experiment' 
In the chronic experiments air often escaped into the stomach and was evacuated 
by a stomach tube to permit resumption of normal respiration. 

Mortality and Health of Dogs.— In several chronic experiments pressures up to 
45 to 50 mm. of mercury were obtained by accident. Two of these dogs (682 and 
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683) died within a few minutes after the beginning of the experiment. Otherwise, 
there Avere no fatalities. Healthy, adult, mongrel dogs were used for the experi- 
ments. In several instances they actually gained weight in spite of the frequent 
doses of morphine and at least two foodless days a week. Morphine addiction, if 
present at all, was not severe. 

Prepaiation of Specimens. — ^All autopsy specimens Avere prepared by removing 
the lungs from the animal and alloAving Kaiserling I solution to gravitate into the 
trachea and air passages, thus displacing the air; the trachea Avas then clamped, 
and the lungs AA'ere immersed in the same fluid until thoroughly fixed. Sections 
Avere then cut for microscopic study. Special stains for connectiA^e and for fibrous 
tissue as AA'ell as the usual hematoxjdin and eosin Avere used in this study. 



Fig. 2 (dog 341). — Kymogram made during OA'erinflation of lungs by inter- 
mittent positive pressure shoAving the effects of increased intermittent intrabronchial 
pressure after eleA'en months of bweekly overinflation. The dog was quiet. The 
intrabronchial pressure is recorded in millimeters of mercury above ; the systemic 
arterial pressure is recorded in millimeters of mercury in the center, and the 
venous pressure is recorded in centimeters of AA'ater beloAV. The A'enous pressure 
rises directly AA'ith the intrabronchial pressure, Avhereas the sj'stemic arterial pressure 
falls. An intrabronchial pressure of 30 mm. of mercury AA'as maintained during the 
first ten minutes, and a pressure of 35 mm. of mercur 3 % for six minutes. (Scale, 
1 : 2 . 88 .) 

PROTOCOL 

Dog 341.— a healthy collie Aveighing 10.37 Kg. was subjected to increased mtra- 
hronchial pressure first on July 9, 1939 and thereafter biAveekly until June 8, 








Fig. 3 (dog 341). — Parenchyma of lung at the periphery of a lobe, low magnifi- 
cation. There is moderate dilatation of the terminal respiratory units (f.r.n.), 
with occasional fragmentation of an alveolar wall. No true emphysematous changes 
are apparent." 



Fig. 4 (dog 341).— Parenchyma of the lung at the periphery of a lobe high 
magnification. ’ ^ 
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On Sept. 11, 1939, after two months of biweekly inflation, the middle lobe of the 
right lung was removed for gross and microscopic study. Two and one-half weeks 
(eighteen days) later overinflation by increased pressure was resumed and con- 
tinued until June 13, 1940, when the dog was killed. Its weight on this date 
was 10.75 Kg. The dog was given one and one-half times the usual dose of 
morphine and subjected to the routine fifteen minutes of increased pressure. During 
this period kjTOographic pressure studies were made, after which the dog was 
observed for another twenty minutes (fig. 2). The dog was then electrocuted.^" 

Postmortem Observations. — The trachea was clamped before the chest was 
opened, at which time the lungs were found fully expanded. Except for one small 
bandlike adhesion between the lower lobe of the right lung and the site of the 
lobectomy wound (the middle lobe had been removed) the pleural cavity was 
normal. There was no gross evidence of mediastinal emphysema. This was in 
contrast to the presence of mediastinal emphysema in all dogs on which only the 
acute type of experiment was performed. The heart and lungs appeared normal. 

Microscopic Study. — Biopsy Specimen: There was a tendency to dilatation of 
the terminal respiratory units. The respiratory pores were somewhat larger than 
in normal lung tissue. There was no dissection or interstitial emphysema as such. 
When the lobe of the lung was cut across there was little tendency for the 
parenchyma to collapse. (The parenchyma of the lungs collapsed considerably only 
after acute experiments when they were cut across after fixation.) 

Autopsy Specimen : There was more marked dilatation of the terminal respira- 
tory units, e. g. the alveolar ducts and sacs, with slight tendency to fragmentation 
of the alveolar walls in some areas. There was slight perivascular and peri- 
bronchial interstitial emphysema. This was not as marked as that encountered 
after the acute experiments. There was no evidence of pulmonary emphysema as 
defined by destruction of the elastic or the fibrous tissue or of the capillaries of 
the alveolar walls (figs. 3 and 4). 

Comment . — This protocol represents the technical procedures car- 
ried out both in the acute and in the chronic type of experiment. It 
does not represent the physiologic and pathologic findings in the acute 
type of experiment, as shown in the table. 

RESULTS OF EXPERIMENTS 

Physiologic Effects of Intermittent Overinflation. — Arterial blood 
pressures taken five minutes after the institution of positive pressure 
were an average of 38.3 mm. of mercury lower than the initial pressure, 
which varied from 90 to 170 mm. of mercury. A partial recovery then 
occurred during the period of inflation. Pressures taken five minutes 
after the inflation was discontinued were slightly higher than the initia 
level. There was a sharp rise to a-high level of venous pressure as soon 

17. Hrdina, L. S. : Electrocution in Sacrificing Laboratory Animals, J. Lab. & 
Clin. Med. 15:86, 1929. 
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as inflation was begun. The rise varied directly with the inti atracheal 
positive pressure. 

Pulse Rate . — ^There was a tendency toward slight increase in the 
pulse rate after beginning the inflation, though this was by no means 
uniformly true. The rate after inflation approximated the initial rate. 

Cause of Death . — ^The 3 acute dogs were electrocuted at the end of 
the pressure study. Three of the chronic dogs (754, 657 and 341) were 
likewise studied and killed. Two of the remaining 4 chronic dogs (682 
and 683) died during the second inflation, with mediastinal emphysema 
and air embolism as causes of death. The other 2 chronic dogs died 
of mediastinal emphysema and spontaneous pneumothorax, 1 (711) 
after 4 inflations and the other (496) after 39 inflations. 

Gross Pathologic Effects . — Two of the acute dogs showed a moderate 
amount of mediastinal emphysema with no apparent changes in the 
lungs or heart after inflation for seventy-seven and forty-seven minutes 
at pressures of 22 and 20 mm. of mercury, respectively, (iiitrabronchial). 
One dog (182) after forty-two minutes of inflation at an extreme 
pressure of 50 mm. of mercury did not show mediastinal emphysema or 
other apparent change in the lungs or heart. 

In the group of 3 chronic dogs studied acutely from thirty-five to 
forty-eight minutes with intrabronchial pressures varying from 26 to 
35 mm. of mercury no mediastinal emphysema or apparent change in 
the heart or lungs was encountered at autopsy. 

Two of the 4 remaining chronic dogs died after the second inflation 
at an intrabronchial pressure of 35 mm. of mercury with mediastinal 
emphysema, air embolism and gross subpleural pulmonary hemorrhage.’-"''^ 
Another (711) died after the fourth inflation, showing a spontaneous 
pneumothorax, mediastinal emphysema, air embolism and subpleural 
hemorrhage. The other dog (496) in this group died of a large pneumo- 
thorax at the end of the thirty-ninth inflation at a pressure of 35 mm. 
of mercury. A slight degree of mediastinal emphysema was also present. 

MICROSCOPIC STUDY 

Acute Experiments . — The lungs and pleurae of 2 acute dogs (157 
and 182) were studied microscopically. The terminal respiratory units, 
namely, the alveolar ducts and sacs, in some areas, showed slight 
dilatation. There were also separation and breakdown of the peri- 
bronchial and the perivascular tissue, with formation of slitlike air- 

17a. Coughing, with temporary elevation of intrabronchial pressure to as high as 
50 mm. of mercury was occasionally observed in these experiments. 





Fig. 5 (dog 683). — Section of lung made after the death of the animal from 
overinflation. Note the interstitial emph 3 'sema (Air) separating the bronchial 
wall (B) and the parenchyma from a vessel (F), with partial collapse of the 
last-named structure. 
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containing spaces."*^ The alveoli appeared to be normal, as did the rest 
of the lung tissue. Sections of lung from dog 182 showed many sub- 
pleural macrophages with old pigment. The pleura was much thicker 
than normal. The latter changes probably explain the failure of 
interstitial emphysema to develop in this dog. 

Chronic Experiments . — Three of the 7 dogs in this group (682, 683 
and 711) died during the early part of the experimental period. Micro- 
scopically, perivascular and peribronchial interstitial emphysema (fig. 
5) was present in sections of the lungs of all 3 dogs. The terminal 
respiratory units showed changes similar to those seen in the dogs 
subjected to more acute experiments. However,' some evidence of over- 
distention and rupture of the alveolar walls was present. There was 
rather marked pulmonary hemorrhage into many of the alveoli, and the 
perivascular and peribronchial emphysematous spaces (fig. 6). The 
latter finding was peculiar to these 3 dogs. 

In dogs 341 and 496 the middle lobe of the right lung had been 
removed for microscopic study two and five montbs, respectively, after 
the beginning of the experiments. The microscopic sections do not 
represent the appearance of pulmonary tissue immediately after an 
overinflation. There was no evidence of perivascular and peribronchial 
interstitial emphysema. There was some tendency to dilatation of the 
terminal respiratory units. The alveoli appeared relatively normal 
except for the respiratory pores of the alveolar walls, which were some- 
what larger than those in normal lung tissue.^® 


Three of these 4 chronic dogs (754, 657 and 341) were killed after 
an acute terminal experiment. Microscopic sections of the lungs of the 
3 dogs showed similar changes, the most severe being encountered in 
dog 657. There was some perivascular and peribronchial interstitial 
emphysema. This Avas not as marked as that seen after the acute 
experiments on dogs 157 and 182. There was more marked dilatation 


of the terminal respiratory units, Avith a slight tendency to fragmentation 
of the alveolar Avails in some ai'eas. There Avas no eAudence of pulmonary 
emphysema as defined by destruction of elastic and fibrous tissue and 
of the capillaries in the ah'^eolar walls. 


The chronic experiment Avas carried on for seA’-en months (dog 496) 
and yielded the following microscopic data : On biopsy there was some 
dilatation of the peripheral air passages but no perivascular or peri- 
bronchial interstitial emphysema (fig. 7). These Avere similar to the 


18. Loosli, C. G. ; Interah^eolar Communications in Normal and in Pathologic 
Mammalian Lungs, Arch. Path. 24:743-776 (Dec.) 1937. 




Fig. 7 (dog 496). — Repeated overinflation for seven months was accompanied 
by spontaneous infection of the lungs during the last two months. A microscopic 
section of the middle lobe of the right lung removed after five months shows slight 
dilatation of the terminal respiratory units with no emphysema. 



Fig. 8 (dog 496).— Section of the lung of the dog in figure 7 made after death 
of the animal from a pneumothorax occurring during overinflation The magnifica 
tion is the same as that in figure 7. Note the cellular infiltration and the de nite 
emphysematous changes in the parenchyma of the lung. 
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changes encountered in the biopsy sections of the lung of dog 341. On 
autopsy the sections showed an old pneumonia. Many of the terminal 
respiratory units showed extreme dilatation with some destruction of 
capillaries and other elements of the walls (fig. 8). There were areas 
of fibrous tissue and unresolved pneumonia with large numbers of 
lymphocytes and polymorphs (fig. 9). 

We believe we should not draw any conclusions from the sections 
made in this single experiment, since an infection was present and such 
was not the case in any other dog.^” 



Fig. 9 (dog 496). — A portion of the area comprising figure 8 more highly- 
magnified and showing diffuse pneumonitis. 


COMMENT 

In cases of clinical emphysema there is usually enlargement of the 
thorax together with a history of a chronic cough, with or without 
asthmatic symptoms. The pathologic condition is usually characterized 
microscopically by evidence of chronic inflammation attending the 
emphysematous changes, i. e., destruction of elastic and fibrous tissue 

19. Drs. C. C. Macklin and Clayton G. Loosli gave criticism in the interpretation 
of the microscopic observations. 
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and the capillary structure of the alveolar walls. The degree of these 
inflammatory changes depends on the clinical course of the disease prior 
to the time of death, i. e., acute or chronic. 

The results of these experiments are those following overdistention 
of the lung simulating repeated asthmatic attacks extending over several 
months. The elements of enlargement of the thorax and infection are 
eliminated with the exception of the inflammatory changes in dog 496. 
This pressure phenomenon in itself appears to have failed in the produc- 
tion of emph3^sema, although repeated overdistention for fifteen minutes 
biweekly over a period as long as eleven months was carried out. There 
was, however, moderate dilatation of the terminal respiratory units, i. e., 
the alveolar ducts and sacs, but no microscopic destruction of alveolar 
elements. The acute experiments, except in 1 old dog, resulted in inter- 
stitial and mediastinal emphysema, whereas in the chronic experiments 
which were terminated by acute study this phenomenon was absent or 
less marked. The explanation for this difiference was probably on a 
basis of the repeated injury of the interstitial tissue during overinflation 
with subsequent fibrosis in the latter experiments. In sections of normal 
lung parenchyma the walls of the alveolar ducts between the alveolar 
sacs and the alveoli are made up of muscle cells and elastic and col- 
lagenous fibers. The latter elements appear as short knobs or clubs 
running parallel to the long axis of the duct.-“ We believe that these 
have been erroneously interpreted by some authors as evidence of 
emphysematous changes. 

In the case of dog 496, in which pneumonia was present, there was 
insufficient evidence to warrant drawing conclusions. It is most 
suggestive that the factor of infection when added to repeated over- 
distention is significant in the production of pulmonary emphysema. 
This is receiving further attention at the present time. Microscopic 
sections showing pulmonary emphysema resulting from tracheal obstruc- 
tion and overdistention which have been presented by another author^’ 
strongly suggest a combination of infection and overdistention as the 
etiologic factor. 

Pressures. — Periods of overinflation were routinely accompanied by 
a diminution in the systemic blood pressure to such a level that cyanosis 
was occasionally observed. This is similar to that sometimes seen 
clinically during asthmatic attacks. Accompanying this fall in systemic 
blood pressure was a marked rise in the peripheral venous pressure, 

20. Maximow, A. A., and Bloom, W. : Textbook of Histology, ed. 3, Phila 

delpliia, W. B. Saunders Company, 1938, p. 448. 

21. Longacre, J. J., and Johansmann, R.: An Experimental Study of the h a e 
of the Remaining Lung Following Total Pneumonectomy, J. Thoracic urg. 
131-149, 1940. 



RASMUSSEN-ADAMS— EXPERIMENTAL EMPHYSEMA 395 


indicating the increased resistance to the circulation in the lung and 
also the load placed on the right side of the heart during overdistention. 
This is similar to the changes occurring during an asthmatic attack and 
explains the development of hypertrophy and failure of the right side 
of the heart in persons with chronic asthma. 

Mediastinal emphysema, air embolism and subpleural (and paren- 
chymal) hemorrhage developed during overdistention in 2, or 22.2 per 
cent, of 9 dogs. This phenomenon might explain the cause of death in 
some asthmatic persons in whom heart failure or other definite cause is 
not evident. 

Biweekly pulmonary overinflation alone with a pressure of 35 mm. 
of mercury over periods as long as eleven months failed to produce 
true emphysema in dogs. 

The pressures used for overinflation were sufficient to cause marked 
lowering of the systemic arterial pressure and marked elevation of 
peripheral venous pressure and in 2 cases pulmonary air embolism and 
hemorrhage into the pulmonary parenchyma. 

There were emphysematous changes of the parenchyma of the lung 
in 1 dog in which the factor of infection was added to that of over- 
distention. 


950 East Fifty-Ninth Street. 



GUMMATOUS AORTITIS 


WILLIAM H. GORDON, M.D. 

FREDERIC PARKER Jr., M.D. 

AND 

SOMA WEISS, M.D.t 

BOSTON 

Syphilitic disease of the aorta may occur in either of two forms, 
(a) as a productive scar-forming type of chronic aortitis or {b) as 
gummatous aortitis. The former is the usual manifestation of cardio- 
vascular syphilis. Gummatous lesions of the aorta, on the other hand, are 
rarely observed, and this type of aortitis has not been studied extensively. 
It is the purpose of this communication to describe the clinical and the 
morphologic features of gummatous aortitis and to define the differential 
characteristics of this disease in relation to other diseases of the aorta. 

This study was stimulated by observations made in the following 3 
cases, which we are reporting in detail. 

REPORT OF THREE CASES 

Case 1. — C. C., a 35 year old Italian-born housewife, was admitted to the 
Boston City Hospital for the third time on Nov. 14, 1935. On entrance she was 
in a state of acute pulmonary edema, manifested by frothy bloody sputum, cyanosis, 
profuse perspiration and mild delirium. She did not respond to emergency treat- 
ment and died shortly after admission. 

The patient had been well until July 1934, when she had begun to notice 
shortness of breath on mild exertion. Since that time she had also had a sense 
of constriction in the precordial region when she walked, but never while at rest. 
This distress would pass away soon after the cessation of activity. For approxi- 
mately the same period (seventeen months) she would feel well on retiring, only 
to be awakened by severe attacks of nocturnal dyspnea which recurred three or 
four times during the night. Until six months before entry she had not noticed 
edema of dependent parts. Although a dry cough had been present, she had never 
noticed any blood-flecked sputum. 

There was no history of pains in the joints, chorea or an unusual number of 
attacks of sore throat, although her tonsils had been removed the year before. She 
had undergone a cesarean section in 1931 and stated that at that time her blood was 
“all right.” The patient stated, however, that she had had “bad blood” since the 
age of 20 and was treated with “shots” at that time. In January 1934 the patient 

From the Mallory Institute of Pathology of the Boston City Hospital and 
the Medical Clinic of the Peter Bent Brigham Hospital. 
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was delivered of a premature baby, at which time she was found to have a positive 
serologic reaction for syphilis. She was referred to the outpatient department of 
the Massachusetts General Hospital for treatment. After four intramuscular and 
two intravenous injections of an antisj^philitic compound she did not return to 
the clinic. 

The patient was admitted to the Boston City Hospital for the first time on 
“July 6, 1934, with the complaint of inability to sleep because of attacks of “short- 
ness of breath.” Her ankles were markedly swollen. She had been nauseated 
but had not vomited. On conservative treatment the patient improved rapidly 
and was discharged on the twentieth day after admission, symptom free, only to 
return to the outpatient department three months later with the same complaint of 
inability to sleep because of choking attacks. She had been only “fairly well” 
since her discharge, even though she was on a restricted regimen and was taking digi- 
talis. In the hospital she again improved and was discharged on the twenty-sixth 
day after entry with the recommendation of convalescent care, which she refused. 
It was on the fourth day after discharge that the patient returned to the hospital 
moribund and died in an attack of cardiac asthma with pulmonary edema. 

Clinical and Laboratory Data . — The essential findings one month before her 
fatal attack included the following data: The patient was sallow, tired-appearing 
and fairly well developed and nourished. She was sitting upright in bed, breath- 
ing with difficulty. Her eyes, ears, nose and throat were not remarkable. Moderate 
venous congestion was present in the neck. There was flatness to percussion in 
the bases of both lungs, extending to the eighth vertebral spine on the left side, 
with flatness and markedly diminished breath sounds on the right side. The heart 
was greatly enlarged, with the left border of dulness in the anterior axillary 
line; the right border of dulness extended 4 cm. to the right of the sternum. At 
the apex the heart sounds were almost entirely replaced by continuous swishing 
systolic and diastolic murmurs; at the level of the second rib on the right 'there 
were a loud diastolic murmur replacing the second sound and a softer “hissing” 
sj'Stolic murmur. The aortic diastolic murmur was transmitted from the base of 
the heart almost to the apex. Along the left border of the sternum an incon- 
stant thrill, diastolic in time, was also noted. There was a collapsing type of 
pulse, and the blood pressure was 150 mm. of mercury systolic and 50 mm. dias- 
tolic. The liver was slightly tender and palpable 2 fingerbreadths below the 
costal margin. The spleen was firm, nontender and palpable 3 fingerbreadths 
below the left costal margin. Otherwise the abdomen was normal. There was 
slight pitting edema below the knees. At the time of admission the patient was 
afebrile; the pulse rate was 85 per minute and the respiratory rate 20 to 24 per 
minute. 

The urinary sediment was essentially normal. The specific gravity ranged 
from 1.007 to 1.019. The red cell count was 3,970,000 per cubic millimeter; the 
hemoglobin concentration, 86 per cent. The white cell count was 4,000 per cubic 
millimeter; the differential count showed 61 per cent polymorphonuclears, 32 per 
cent lymphocytes and 7 per cent monocytes. Kahn and Hinton reactions of the 
blood were positive. Per hundred cubic centimeters, the blood contained 35 mg. 
of nonprotein nitrogen and 5 Gm. of total protein and the albumin-globulin ratio 
was 2 to 1. A roentgenogram revealed the heart to be enlarged both to the 
right and to the left. On fluoroscopic examination there was a slight increase 
m the size of the right auricle, which appeared to pulsate during ventricular 
systole; therefore the presence of a tricuspid regurgitation was suspected. The 
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lungs were within normal limits. The electrocardiogram showed a normal rhythm, 
a rate of 100 per minute, a PR interval of sixteen hundredths of a second and 
a QRS interval of twelve hundredths of a second. The QRS was slurred in all 
leads. The T wave was upright in lead I, diphasic in lead II and inverted in 
lead III. The axis was normal. The interpretation was intraventricular block. 

In addition to the usual treatment for congestive failure of the circulation, 
the patient was given potassium iodide and a few injections of an antisyphilitic" 
compound. 

Diagnosis : The diagnoses at the time of death were syphilitic heart disease 
with aortitis, aortic regurgitation and probably narrowing of the mouth of the 
coronary arteries; congestive heart failure with slight peripheral edema, chronic 
passive congestion of the liver and left hydrothorax; syphilitic splenomegaly, and 
cardiac asthma with terminal pulmonary edema. 

Necropsy. — The heart (with part of the aorta) weighed 600 Gm. The epicar- 
dium was smooth and glistening. The myocardium was deep red and moderately 
firm. There was some hypertrophy of the left ventricular wall and dilatation of 
all the chambers. The valves of the right side of the heart were normal. There 
was slight thickening and shortening of the chordae tendineae of the median cusp 
of the mitral valve associated with lengthening of the corresponding papillary 
muscles. There were pearly gray, glistening, translucent, moderately firm nodules 
1 to 3 mm. in diameter along the line of closure of the mitral valve. There was 
no scarring of the papillary muscles. 

All of the aortic cusps were gray, firm and thickened, with an increase in 
thickness at the free margins. The cusps were contracted, and the commissures 
of all were separated. This was most marked between the anterior and the right 
posterior cusp, which were separated by a distance of 0.8 cm. The right half of 
the anterior cusp was detached at its base, allowing the cusp to flap as a tongue- 
like process. There was transverse white thickening of the ventricular endocar- 
dium beneath the anterior aortic cusp where it was detached. The endocardium 
of the left auricle and the left ventricle was thickened. 

Valvular measurements were as follows: tricuspid 14.3 cm., pulmonary 8.5 cm., 
mitral 10.3 cm. and aortic 7.5 cm. The thickness of the left ventricle was 1.6 cm. 
and that of the right ventricle 0.3 cm. 

The first 2.5 cm. of the ascending aorta was distinctly thickened by moderately 
firm tissue, the surface of which was pitted and gray except for one yellow area 
1 cm. in diameter where the surface of the aorta was depressed (fig. 1). The 
right coronary opening ran through this area and was closed. The orifice of the 
left coronary artery lay 1.5 cm. above the level of the opening of the right one 
There was slight narrowing of the lumen of the left coronary artery by heaping 
up of pearly gray tissue around its lower half. The coronary arteries beyond 
their orifices were normal. At the beginning of the aortic arch there was a 
round swelling l.S cm. in diameter which projected 0.4 cm. above the intimal 
surface. The surface was gray and pitted- The cut surface revealed a gray, 
glistening tissue, replacing the intima and apparently the media. Slightly yellow 
intimal thickening was encountered around the orifices of the great vessels from 
the aortic arch. In the descending thoracic aorta there were a few linear eleva- 
tions similar in appearance to the round elevation at the beginning of the arc 
Otherwise the aorta appeared normal and elastic and the intima sme^th an 
glistening. The result of the examination of other organs was unessential. 
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Anatomic Diagnosis The anatomic diagnoses were aortic endocarditis, prob- 
ably syphilitic; mitral rheumatic valvulitis; complete occlusion of the right cor- 
onary artery and partial occlusion of the left one ; focal aortitis, probably syphilitic , 
pulmonary congestion and edema, and bilateral hydrothorax. 

Histologic Examination.— Heart: The muscle fibers were hypertrophied. ^ A 
few small scars were scattered through the myocardium. Both the epicardium 
and the endocardium contained a small number of lymphocytes. 

Mitral Valve : The leaflets were somewhat thickened due to rather cellular and 
edematous connective tissue. 

Aortic Valve: The cusps were markedly thickened because of a large amount 
of relatively acellular, somewhat hyaline collagen. Vascular spaces were present, 
and about them occurred lymphocytes and plasma cells in varying numbers. The 



Fig. 1 (case 1). — The aortic valve and adjacent aorta and left ventricle. The 
aortic leaflets are thickened and shrunken. Above the cusps are projecting nodular 
areas which represent the regions of the aorta involved by the gummatous 
mesaortitis. 

base of the valve and the adjacent endocardium showed a type of thickening 
similar to that of the cusps. 

Ascending Aorta: The intima showed a nodular increase in connective tissue, 
some of which was evidently recently formed and quite cellular, while other areas 
consisted of dense collagen. In the thickened areas a few small blood vessels 
were present, and about some of them were occasional lymphocytes and plasma 
cells. The media contained foci of necrosis. At the periphery of such necrotic 
areas there was vascular connective tissue, heavily infiltrated with lymphocytes, 
plasma cells and some giant cells. In one or two such areas there were also 
some polymorphonuclear leukocytes Elsewhere there were foci of extensive 
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scarring. Such scars were made up of vascular, rather cellular connective tissue 
infiltrated with plasma cells and lymphocytes. The adventitia showed pronounced 
thickening with dense connective tissue which was infiltrated with lymphocytes 



Fig. 2 (case 1).— The media, showing an area of necrosis. Adjacent to this 
area is a focus of vascular connective tissue infiltrated with lymp ocjtes, p 


cells and some giant cells. 

and plasma cells. The arteries showed a slight to marked degree of enda 

obliterans. ^ 

Histologic Diagnosis: The histologic diagnoses were gummatous m 

and healed endocarditis of the mitral and the aortic valve. 
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Case 2.— J. IL, a 35 year old Irish-American chauffeur, was admitted to the 
Boston City Hospital on June 9, 1936, with chief complaints of severe dyspnea, 
cough and edema of the legs. ' This was his ninth hospital admission sin« 1930. 

At the age of 8 the patient had suffered from a severe attack of migrating 
pob'arthritis, manifested bj’’ swollen and painful joints, sore throat, fever and 
nodules over his legs. He was kept in bed about three months. Between the 
ages of 8 and 14 he had been well except for occasional mild subacute painful 
swelling of certain joints. At the age of 14 he had had a shoit but severe attack 
of rheumatic fever and was in bed for fourteen days. During the following 
sixteen years he had felt well. In 1930, at tlie age of 30, he had had another attack 
of rheumatic fever, with malaise, fever, anorexia and pains in the joints, and had 
entered the hospital. The diagnoses were chronic rheumatic heart disease with 
aortic stenosis and insufficiency, mitral stenosis, cardiac decompensation, angina 
pectoris and Schdnlein’s purpura. The patient improved markedly under treatment. 

In 1932 he had reentered the hospital, and in view of a positive reaction of 
the blood for syphilis, a syphilitic causation of the heart disease had been sug- 
gested. The suspicion was strengthened by finding gummatous lesions involving 
the soft palate and the fauces. The patient was given partial antisyphilitic treat- 
ment. On each of seven subsequent admissions, in addition to the rheumatic, the 
question of syphilitic, causation of the heart disease had been discussed. The 
patient had entered the hospital on each occasion because of severe nocturnal 
paroxysmal dyspnea associated with angina pectoris. 

The family history was noncontributory. The patient had married in 1925 and 
become divorced in 1927. His wife had had one miscarriage. 

Clinical and Laboratory Data . — During the last admission, in 1936, the essen- 
tial findings included the following data: The patient was in a high orthopneic 
position. His expression was anxious, and he was sweating profusely. Scarred 
atrophic areas were scattered on the fundi of both eyes. The nasal septum was 
perforated. Punched-out and scarred areas were present over the soft palate. 
The arteries of the neck showed pronounced pulsation. There was a severe, loud, 
rough systolic murmur over the carotid arteries. The veins of the neck were 
not distended. There was a prominent systolic heave over the left side of the 
thorax, and all the intercostal arteries were pulsating. The apical impulse was in 
the fifth interspace in the midaxillarj'- line. There was a marked thrill over the 
second right intercostal space. At the apex a loud crescendo presystolic murmur 
was heard. This was followed by a rough systolic, and by a long blowing softer 
diastolic, murmur. All three murmurs were well transmitted into the axilla. Over 
the aortic area there was a rough loud systolic murmur corresponding to a systolic 
thrill and a blowing diastolic murmur. The diastolic murmur was heard with 
clarity all over the precordium. The aortic systolic murmur was transmitted to 
the neck. The pulses were of water-hammer character, and a clear Duroziez 
murmur was present. The arterial pressure in the arm was 155 mm. systolic and 
45 mm. diastolic and in the leg 230 mm. systolic and 40 mm. diastolic, measured in 
millimeters of mercury. No other abnormalities were present. 

During his last stay in the hospital the urine was normal. There was no anemia 
or leukocytosis. The Hinton reaction of the blood was positive. Electrocardiograms 
revealed no change from the condition observed on previous admissions. 

The patient improved under treatment, but an attack of acute dyspnea and 
cyanosis developed, and he died within five minutes after the onset of the attack 
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Diagnosis ; The diagnoses included rheumatic and syphilitic heart disease with 
aortic stenosis and insufficiency, mitral stenosis and insufficiency, congestive failure 
of the circulation, angina pectoris, syphilitic chorioretinitis and tertiary syphilis. 

Neaopsy—Th& pericardial cavity was completely obliterated by old fibrous 
adhesions, which after removal left a rough and irregularly hemorrhagic visceral 
pericardium The heart weighed 780 Gm. The pulmonary, tricuspid and mitral 
valves were entirely normal. The left ventricle was markedly dilated and the wall 
hypertrophied, with a thickness of 2 2 cm. About 1 to 2 cm. below the aortic 
valve was a linear fibrous thickening (Zahn’s pocket). The aortic valve was dilated 
and showed marked thickening of the free margins of the cusps. In addition, between 
the left anterior and the posterior cusp there was about 0.15 cm. of separation, 
while the remaining adjacent portions of the cusps were fused. This was most 



Fig. 3 (case 2). — Gummatous mesaortitis. There is a large area of destruc- 
tion of the media with a focus of caseation necrosis. The remainder of the defect , 
in the media is filled with connective tissue densely infiltrated with lymphocytes, 
plasma cells and giant cells. 


marked between the right posterior and the anterior cusp. The coronary orifices 
were widely patent The right ventricular wall was moderately hypertrophied an 
measured 05 cm The circumferences of the cardiac orifices were as fo ows. 
tricuspid valve ll.d cm, pulmonary valve 7.5 cm., mitral valve 112 cm. and aortic 

valve 8.5 cm. _ „ 

The aorta was normal except for the ascending portion of the arch Here 
there were elevated, irregular, flat, yellowish white and somewhat soft pate es to 
mm in diameter. The rest of the aorta was essentially normal. ^ ^ 

Anatomic Diagnosis: The anatomic diagnoses were syphilitic^ aortitis vith 
involvement of the aortic valve, healed aortic v'alvulitis, cardiac dilatation an up 
trophy and pulmonary congestion and edema 
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Histologic Examination.— The muscle fibers were hypertrophied. Both 
the epicardium and the endocardium contained an increased amount of collagen. 
In the endocardium were several focal collections of large, mononuclear cells with 
basophilic cytoplasm. These cells were arranged tangentially along strands^ of 
collagen. There were some 13'mphocytes at the periphery of these areas. Similar 
smaller focal collections of these large basophilic cells could be found in the region 
of the blood vessels in the myocardium. These focal lesions had all the chaiacter- 
istics of Aschoff bodies. There were in addition scattered polymorphonuclear leuko- 
cytes about the myocardial vessels. 

Aortic Valve: The cusps contained a large amount of acellular collagen. Blood 
vessels were fairly numerous and showed a varjdng degree of perivascular infiltra- 
tion with lymphocytes and histioc3des. In one cusp near the base there was an area 
of necrosis. Surrounding this were numerous histiocytes and giant cells. The 
necrotic material contained nuclear debris. 

Aorta ; The intima showed marked thickening with cellular connective tissue 
which was infiltrated with some fatty macrophages and 13'mphocytes. The media 
was interrupted by scars made up of vascular connective tissue infiltrated with 
lymphocytes and plasma cells. In addition, there were fairly numerous foci of 
necrosis. These necrotic areas were surrounded by large mononuclear cells, giant 
cells, lymphocytes and plasma cells. The adventitia was thickened and contained 
bundles of rather dense collagen. The vasa vasorum showed varying degrees of 
endarteritis obliterans, and many had a perivascular infiltration of lymphocytes and 
plasma cells (fig. 3). Sections of the heart, the aortic valve and the aorta stained 
by Levaditi’s method gave negative results. The rest of the histologic data were 
unessential. 

Histologic Diagnosis : The histologic diagnoses were gummatous mesaortitis, 
healed endocarditis and gummatous endocarditis of the aortic valve and rheumatic 
myocarditis. 

Case 3. — The specimens in this case, in which the patient was a 42 year old house- 
wife who died suddenly, were furnished us by Dr. Timothy Lear3’-, Medical 
Examiner for Suffolk County, Boston. This patient had enjoyed good health except 
for complaints of soreness over the epigastrium and pains about the heart for two 
years previous to her sudden death. She had walked into the house of friends, 
vomited blood and fallen to the floor unconscious. She was rushed to the hospital 
but was dead on arrival. 

Necropsy.— The heart weighed 220 Gm. The myocardium was brownish red. 
All the valves were normal. The measurements were as follows: tricuspid valve 
10.5 cm., pulmonary valve 5.4 cm., mitral valve 9.1 cm. and aortic valve 5.2 cm. The 
thickness of the left ventricle was 1.7 cm. and that of the right ventricle 0.3 cm. 
There was a marked narrowing of the orifices of both the right and the left coronary 
artery. 

The proximal 5 cm. of the aorta showed a rough intima with numerous slightly 
raised, pearly gray nodules which varied from 3.0 to 8.0 mm. in diameter. Between 
the aorta and the pulmonary artery was a mass of firm tissue, measuring 3.0 by 
2.0 by 1.5 cm. On section this tissue was grayish in color with yellowish areas. This 
mass protruded into the lumen of the pulmonary artery at several points, extending 
2.0 to 4.0 mm. above the intimal surface, which was apparently intact. These 
projections had a smooth, lobulated surface and were yellowish white There was 
a small, saccular aneurysm of the aortic arch in its superior posterior portion. This 
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aneurysm lay between the innominate and the left common carotid artery (fig. 4). 
A short tract led from the depth of this aneurysm into the trachea, 2 cm. above 
Its bifurcation. The tracheal mucosa in this region was greenish red and was 
ulcerated over an area 0.8 cm. in diameter, although the perforation was pinpoint 
m size (fig. S). The external surface of the aortic arch was covered with firm gray 
tissue. The descending aorta was normal save for a few small yellowish plaques. 



Fig. 4 (case 3). — The descending aorta and an aneurysm of the transverse 
portion. Both above and below the opening of the aneurysm is seen an extensive 
granulomatous involvement of the mediastinal tissues with numerous gummas. 

The right lung weighed 550 Gm. The external surface was dark red, smootli 
and glistening. The upper lobe had a firm, rubbery consistency. Its cut surface was 
dark red, and a small amount of pink, frothy fluid could be expressed. The middle 
and lower lobes were essentially similar to the upper lobe. 

Anatomic Diagnosis : The anatomic diagnoses were aneurysm of the aorta 
with perforation into the trachea and SA^philitic aortitis. 
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Histologic Examination . — The myocardium was normal. Sections through the 
left coronary artery showed some fibrous thickening of the intima. 

There were foci of necrosis in the media of the ascending aorta typical of 
gummatous mesaortitis, as described in the 2 preceding cases. The adventitia showed 
fibrous thickening with marked perivascular infiltrations of lymphocytes and plasma 
cells around the vasa vasorum, which showed various degrees of endarteritis 
obliterans. The intima exhibited atheromatous changes. Sections of the aneurysm 
at its point of rupture into the trachea showed extensive necrosis consistent with 
gumma. The trachea at this point exhibited thickening of the submucosa due to 



Fig. 5 (case 3). — The trachea, showing the point of rupture of the aortic 
aneurysm. 


gianulation tissue and an infiltration of numerous lymphocytes and plasma cells. 
There was, in addition, an area of necrosis with ulceration of the overlying 
epithelium. 

The mass of tissue lying between the aorta and the pulmonary artery was 
composed of granulation tissue with numerous areas of infarct necrosis. Giant 
cells were numerous, and there was a marked infiltration of lymphocytes and 
plasma cells. This granulomatous process had invaded and destroyed the adven- 
titia and the media and had involved to a marked degree the intima of the pul- 
monary artery. The masses projecting into the lumen of the pulmonary artery 
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described in the gross examination were composed of this gummatous granulation 
tissue. The endothelium lining the vessel was intact. The vessel wall where it was 
not invaded by this granulomatous tissue showed no changes. 

Histologic Diagnosis : The microscopic diagnoses were gummatous mesaortitis 
and gummatous mediastinitis with involvement of the pulmonary artery. 


MATERIAL STUDIED AND ADDITIONAL CASES 

As a result of the study of these 3 cases a s)'^stematic study of gum- 
matous aortitis was undertaken. The material used came from the 
departments of patholog)^ of the Boston City Hospital and the Massa- 
chusetts General Hospital. A total of 360 cases of syphilitic aortitis 
were studied, 186 cases from the former, and 174 from the latter, 
institution. All cases in which necrosis was evident were investigated in 
detail. Gummatous aortitis, as its name implies, is characterized by 
gumma formation, usually in the media. In our series the gummas were 
usually of miliary type and could be definitely recognized only micro- 
scopically. They occurred as areas of necrosis involving both muscle and 
elastic tissues. The necroses either were of the infarct type, i. e., the 
outlines of the preexisting structures could be recognized in the necrotic 
areas, or were composed of structureless material containing nuclear 
debris. Calcification of such necrotic foci did not occur. The form of the 
medial gummas conformed to the structures of the media, being roughly 
quadrangular or oval in shape. At the periphery of such gummas were 
broad sheets of vascular granulation tissue which was heavily infiltrated 
with lymphocytes, plasma cells and some large mononuclear cells. Giant 
cells were present, usually in close proximity to the necrotic material. 

The adventitia showed marked thickening due to increased con- 
nective tissue, which was infiltrated with numerous lymphocytes and 
plasma cells, especially in the neighborhood of the vasa vasorum. These 
vessels often showed varying degrees of endarteritis obliterans. Occa- 
sionally gumma formation occurred in the adventitia (fig. 6). The intima 
usually showed varying degrees of fibrosis, often focal in distribution. 

The atheromatous changes observed in our large group of cases of 
chronic syphilitic aortitis were usually pronounced over the parts 
afifected by syphilis, suggesting that the syphilitic process had enhanced 
the development of intimal atheromas. A similar view has been expressed 
recently by Leary.^ 

There were 8 cases of gummatous aortitis in 360 cases of aortitis. 
In 2 additional cases the histologic changes were suggestive, but no 
definite diagnosis could be made. Obviously, the frequency ratio^ of 
1 ; 45 must be considered as minimal, in view of the fact that the finding 

1. Leary, T.: Syphilitic Aortitis as Cause of Sudden Death, New England 
J. Med. 223:789-793, 1940. 
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of gummas was not based on a study of systematic serial sections of the 
ai'cli of the aorta. 

The ages of the patients in these 8 cases of gummatous aortitis varied 
between 32 and 59. Five patients were men, and 3 were women. Five 
of the patients had aortic insufficiency. Paroxysmal cardiac dyspnea was 
present in 5 cases. The immediate cause of death was usually pulmonary 
edema. It is of especial interest that in 1 case a patient had also suffered 
from rheumatic fever. 

The clinical features in these cases of gummatous aortitis are not 
specific or characteristic. The clinical manifestations, such as dyspnea, 
orthopnea, precordial distress, cardiac asthma and pulmonary edema. 



Fig. 6. — A gumma in the adventitia of the aorta. 

are attributable to the presence of aortic insufficiency or narrowing or 
occlusion of the coronary arteries. The two last-named changes may be 
caused by the gummatous syphilitic lesion, as was true in 1 of the cases 
observed by us (case 1). Clinical diagnosis of gummatous aortitis is 
difficult or even not feasible. The coexistent rheumatic condition, how- 
ever, may raise suspicion, for it seems more than a coincidence that in 
3 of the 11 cases studied by us the patients had also suffered from 
rheumatic fever. 

In 3 additional cases of chronic syphilitic aortitis massive destruction 
of the aortic wall was present. These lesions contained polymorphonu- 
clear leukocytic infiltration, a picture not unlike an abscess. In these 
cases the lesions were not considered as being gummatous. Three pos- 
sibilities of causation were considered in these cases: first, that the 
acute destructive lesions were the result of syphilis alone ; second, that 
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they were the result of a secondary invading infection superimposed on 
syphilitic aortitis, as reported by Rappaport " and by Saphir and Cooper ■ 
and third, that they were unrelated to syphilis. 



Fig. 7. — Acute aortitis. Infiltration of the intima with polymorphonuclear 
leukocytes is evident. 

In order to determine whether similar acute abscess-like lesions are 
found in aortas of nonsyphilitic subjects, the records and the histologic 

2. Rappaport, B. Z.: Primary Acute Aortitis, Arch. Path. 2:653-658 (Nov.) 
1926. 



GORDON ET AL.— GUMMATOUS AORTITIS A09 

sections of the aortas in 224 control cases in which death occurred from 
a variety of causes were examined for focal acute aortitis of the type 
observed in these cases of syphilis. Six cases of acute nonsyphilitic 
aortitis were collected. In 1 case it occurred in a patient with medi- 
astinitis, in 4 in patients with medionecrosis idiopathica cystica and in 
1 in a patient with lymphatic leukemia (fig. 7). It is therefore con- 
cluded that the occurrence of such acute abscess-like lesions of the aorta 
is unrelated to syphilitic aortitis, though it is probable that syphilitic 
aortitis and other chronic conditions in the aorta predispose to the 
development of secondary acute aortitis. 


DIFFERENTIAL MORPHOLOGIC CHARACTERISTICS OF ACUTE 
LESIONS OF THE AORTA 


There are a number of other acute diseases of the aorta, which it is 
essential to differentiate from gummatous aortitis. 

Acute Bacterial Aortitis . — ^Acute lesions with abscess formation of 
the intima of the aorta are on the whole uncommon and when they do 
occur are usually secondary to infectious lesions of the cardiovascular 
system elsewhere, most commonly endocarditis. An extremely rare form, 
termed primary acute aortitis by Rappaport,^ occurs without other infec- 
tious lesions of the vascular system being present. It is generally agreed 
that a preexisting lesion of the aorta, especially an atherosclerotic lesion, 
predisposes to bacterial invasion of the intima. However, Rappaport ^ 
and Saphir and Cooper ® have reported single cases of acute aortitis 
superimposed on syphilitic aortitis. The occurrence of acute bacterial 
aortitis superimposed on atherosclerosis or on syphilitic aortitis may be 
looked on as being analogous to the occurrence of abscesses in previously 
damaged or diseased myocardium or voluntary muscle.^ On the basis 
of a study of the literature, Rappaport stated that previous pathologic 
changes, whether atherosclerotic or syphilitic, predispose to acute infec- 
tion of the wall of the aorta either through direct implantation of its 
surface or through the vasa vasorum. However, the presence of a con- 
comitant acute inflammation does not influence the histologic picture of 
syphilitic aortitis. 

In our series we encountered 1 case of acute bacterial aortitis 
secondary to pneumococcic endocarditis of the tricuspid valve, occurring 
in an atheromatous plaque (fig. 8), 

Rheumatic Aortitis . — The lesions of rheumatic fever usually are 
located in the adventitia and media but may also involve the intima. In 
the acute stage the vasa vasorum show swelling of their endothelium. 


3. Saphir, O., and Cooper, G. W.: Acute Suppurative Aortitis Superimposed 
on S}'pbilitic Aortitis, Arch. Path. 4:543-545 (Oct.) 1927. 

4. Weiss, S., and Wilkins, R. W.: Myocardial Abscess with Perforation of 
the Heart, Am. J. M. Sc. 194:199-204, 1937. 
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and there is a scattered infiltration in the adventitia of lymphocytes, 
plasma cells and large mononuclear cells, some of which are Aschoff 
cells. In the media at this stage numerous Aschoff cells may be found. 














VS' M 


Fig. 8.— Acute bacterial aortitis. Spaces in the intima contain masses of 


pneumococci. 


arranged in rows between the elastic fibers. The nutrient vessels in t le 
media show intimal swelling. There is a varying amount of perivascu ar 
infiltration of lymphocytes, plasma cells, polymorphonuclear leukocytes 
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and large mononuclear cells. The collagen adjacent to the vessels shows 
swelling and degeneration. 

In the later active, or in the healed, stage the connective tissue of 
the adventitia is thickened and dense and contains scattered lymphocytes 
and plasma cells. In addition, Aschoff cells may be present and may have 
a focal arrangement suggesting Aschoff nodules. In the media there are 
avascular, collagenous scars in the areas in which the nutrient vessels 
normally occur, namely, the outer third. 

Tuberculosis of the Aorta— This is on the whole an uncommon 
lesion of the aorta. Usually the involvement occurs from extension of a 
tuberculous process from neighboring structures. More rarely it arises 
in the intima from a hematogenous infection. Histologically, the lesions 
show the usual picture of tuberculosis, either the caseous or the miliary 
type. 

Atherosclerotic Necrosis. — The necrosis associated with atheroscle- 
rosis is situated primarily in the intima, although some extension into 
the adjacent media may occur. The necrotic areas either represent the 
late stage of a previously lipoid-filled focus or occur in the deeper por- 
tions of healed, fibrous plaques. The lesions appear under low magnifica- 
tion as pale, essentially unstained areas. Under high magnification these 
areas are found to consist of anuclear material with no definite struc- 
ture. Clefts representing cholesterol crystals are frequently present in 
varying numbers. No cellular reaction to such areas of necrosis is present 
to any degree. 

Medionecrosis Idiopathica Cystica. — In^ this condition the media 
shows foci of basophilic-staining material in which the muscle and the 
elastic fibers have disappeared. There is no cellular reaction to such 
areas of necrosis. In certain instances, probably as a later stage of the 
lesion, cysts filled with mucinous-like material are found. 

Aortitis of Uudertermined Origin. — Certain cases of mesaortitis have 
been described from time to time, the causation of which has been 
entirely obscure. The conditions in these cases do not fit into any of the 
types just described.® Dr. T. B. Mallory, of the Massachusetts General 
Hospital, recently gave us the opportunity to study 2 striking examples 
of aortitis of this class. In both cases the patients were young, with no 
history or clinical or serologic evidence of syphilis. 

Histologic examination revealed the following: The intima was 
thickened because of an increased amount of connective tissue, which in 
places was rather myxomatous in character. In this thickened intima 
thin walled vascular channels occurred. The media was greatly scarred 
and distorted. In some areas the normal elements of the media had 

5. Sproul,. E. E., and Hawthorne, J. J. : Chronic Diffuse Mesaortitis ; Report 
of Two Cases of Unusual Type, Am. J. Path. 13:311-323, 1937. 
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entirely disappeared, being replaced by cellular, vascular connective 
tissue which was infiltrated by lymphocytes, plasma cells and macro- 
phages. Some foci of necrosis were present, and calcification of necrotic 
material had taken place in several areas. The adventitia showed marked 
thickening with dense, rather hyaline collagen, which contained scattered 
lymphocytes and plasma cells. Several adventitial vessels showed slight 
to moderate degrees of intimal proliferation. It is obvious that the 
histologic structure of this aortitis differs essentially from that of gum- 
matous aortitis. 

COMMENT 

Prior to the identification of Spirochaeta pallida as the causative 
agent of syphilis, cardiovascular manifestations of the disease were not 
thought to be common. The reason for this is that the “gumma” was 
considered the essential lesion of late syphilis, and when it was absent . 
the diagnosis of syphilis was uncertain. The diagnosis of gumma of the 
aorta was rarely made prior to 1903. The lesion is not discussed in 
some of the standard textbooks; in others there are contradictory state- 
ments as to the frequency of occurrence. Kaufmann,® Aschoff, Bell ® 
and other pathologists referred to gumma of the aorta without giving 
statistical evidence. Some pathologists spoke of “miliary gumma” of the 
aorta, and one is led to believe that this represents an early stage in the 
development of the usual picture of aortitis.® Such was the belief 
expressed by Martland,^® who stated: 

Acquired syphilis is essentially a supravalvular sclerosis which may manifest 
itself in one of several ways. . . . We speak of the process as a sclerosis 
because the lesion found at autopsy is a deforming defect which has been follow- 
ing previous gummatous infiltrations. 

He Stated further : 

The process in syphilis never heals completely. In some cases the lesion may 
remain distinctly gummatous and the involved area soft. 

McMeans spoke of “gummatous necrosis” of the medial coat as a 
common finding, although he did not mention its frequency, nor did he 

6. Kaufmann, E. : Lehrbuch der speciellen pathologischen Anatomie fur Stu- 
dierende und Arzte, ed. 9 and 10, Berlin, Walter de Gruyter & Co., 1931, vol. 1, PP- 
114-115. 

7. Aschoff, L.: Pathologische Anatomie, ed. 7, Jena, Gustav Fischer, iy^«, 

vol. 2, pp. 79 and 80. t s, 

8. Bell, E. T.: A Text-Book of Pathology, ed. 4, Philadelphia, Lea 

Febiger, 1941, p. 206. . i t 

9. Von Glahn, W. C.: Cardiovascular Syphilis: Pathology, m Nelson L 

Leaf Medicine, New York, Thomas Nelson & Sons, 1932, vol. 4 p. 341 

10. Martland, H. S. : Syphilis of the Aorta and Heart, Am. Heart J. • - . 
1930 

11. McMeans, J. W.: The Localization of the Luetic Virus' in the Aorta, 
Am. Heart J. 6:42-55, 1930. 
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describe the diagnostic criteria. Peck/® in a review of the international 
literature up to 1927, collected 29 cases of syphilitic involvement of 
the pulmonary artery, but in only 12, including 1 reported by the author, 
can the diagnosis be considered as absolutely certain. In 3 cases there 
were gummatous lesions, and in 2 cases there also were gummas of the 
aorta. He pointed out that syphilis of the aorta is manifested in two 
ways, one of which is the gumma, and stressed that “the macroscopic 
gumma is its characteristic form.” In speaking of the cellular infiltra- 
tion around the nutrient vessels in the adventitia and newly formed 
channels in the outer portion of the media, Warthin stated that these 
infiltrations are often large enough to be regarded as miliary gummas, 
but the development of well defined gummatous nodules with caseating 
centers and giant cells is rare. When they do occur, they are usually 
multiple. 

In a study of 126 cases of syphilitic aortitis Clawson and Bell 
encountered 3 cases of gumma of the heart, but no mention was made 
of an aortic gumma. Winternitz,^^ Wright-Smith,^® Renner and 
Sikl each reported a case in which there was postmortem evidence of 
gummatous aortitis. It is of interest that an examination of the cases 
of gummatous myocarditis reported in the literature indicates that gum- 
matous aortitis was absent. Contrariwise, in the cases of gummatous 
aortitis studied by us and reported in the literature, gummatous myo- 
carditis did not coexist. 

Thus both our experience and a study of the literature indicate 
that true macroscopic gummatous aortitis, such as occurred in the 3 
cases reported here, is rare. Although such a condition is referred to in 
textbooks on pathology,^® a study of detailed reports indicates that the 
total number of adequately described cases reported in the literature, 
including the 3 described here, does not exceed 10. The condition, 
however, must be more common than indicated by the literature. Miliary 

12. Peck, S. M. : Pathologic Anatomy of Syphilis of the Pulmonary Artery: 
Report of Case and Review of Literature, Arch. Path. 4:365-379 (Sept.) 1927. 

13. Warthin, A. S.: The New Pathology of Syphilis, Am. J. Syph. 2:425- 
452, 1918. 

14. Clawson, B. J., and Bell, E. T. : Heart in Syphilitic Aortitis, Arch. Path. 
4:922-936 (Dec.) 1927. 

15. Winternitz, M. C. : The Pathology of Syphilitic Aortitis with a Contri- 
bution to the Formation of Aneurysms, Bull. Johns Hopkins Hosp 24*212-216 
1913. 

16. Wright-Smith, R. J.: Gummata of the Aorta with Rupture into the Peri- 
cardium, J. Path. & Bact. 31:585-586, 1928. 

17. Renner, C. : Gummose Aortenentziindung infolge erworbener Syphilis beim 
Jugendlichen (Arteriitis gummosa), Ztschr. f. Kreislaufforsch. 26:807, 1934, 

_ 18. Sikl, H.: Ungewohnliche Ursache des plotzlichen Todes bei ’ Aortenlues : 
fnsches Gumma mit positivem Spirochatenbefund an der Abgangsstelle der linkeii 
Kranzschlagader, Centralbl. f. allg. Path. u. path. Anat. 57:228-232 1933 
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gumma found on microscopic examination of the aorta, on the other hand, 
occurs more frequentty. In our series it was encountered once in 45 
cases of chronic syphilitic aortitis, and, as we indicate, this ratio is 
minimal. Whether in all cases of chronic syphilitic aortitis the lesions 
go through the microscopic gummatous stage at one time in their 
development cannot be stated. 

The symptomatology of macroscopic or microscopic gummatous 
aortitis is not specific. Lesions of the wall of the arch of the aorta with- 
out perforation, aneurysmal dilatation or involvement of the coronary 
arteries or the aortic valve is not i-esponsible for symptoms. If gum- 
matous lesions, on the other hand, occlude the coronaiy arteries, such 
symptoms as pain, d 3 'spnea, cardiac asthma or pulmonarj^ edema can 
develop. 

The diagnosis of gummatous aortitis can be suspected only in rare 
instances in young persons without aortic insufficiency but with a history 
of S3'^philitic infection in whom thoracic pain and rapidl}’- progressing 
heart failure are associated with attacks of cardiac asthma and pulmonary 
edema. At times gumma of the aorta occluding the coronary arteries 
can be responsible for sudden death. This happened in the case reported 
by Sikl.^® Occlusion of the coronary arteries by gumma of the aorta 
occurred also in the case reported b 3 ’' Renner and in case 1 in our 
series. 

It is of interest that in 2 of the 3 cases of macroscopic gummatous 
aortitis reported b 3 ' us rheumatic lesions of the heart coexisted. Simi- 
larly in the case reported b 3 '' Renner rheumatic heart disease coexisted 
with gummatous aortitis. Sohval reported 2 cases of gumma of the 
myocardium. In 1 of these cases both rheumatic and syphilitic lesions 
were present. One wonders whether the existence of these rheumatic 
lesions is a mere coincidence. The question is raised as to whether 
rheumatic fever, which is prone to produce an acute cellular hyperergic 
reaction in the m 3 mcardium or in the root of the aorta, enhances the 
tendency to the development of gummas, particularl 3 '’ in patients who 
have received but partial antisyphilitic treatment. The latter was the 
situation in cases 1 and 2 in our group. The significance of the com- 
bination of syphilitic and rheumatic heart disease has been discussed 
by several writers, including Lisa and Chandlee and Swanson."’- 

Case 3 was unusual insofar as there were large syphilitic gummatous 
lesions located between the aorta and the pulmonar 3 '^ artery. These 
lesions were responsible for the perforation of the aorta into the trachea. 

19. Sohval, A. R.: Gumma of the Heart; Report of Two Cases, Arch. Path. 

20:429-444 (Sept.) 1935. , . „ 

20. Lisa, J. R., and Chandlee, G. J.; The Heart and Great Vesseh ’" Com- 
bined Sj'philitic and Rheumatic Infection, Arch. Int. Med. 54:952-980 ( ec.) 

21. Swanson, H.; Combined Syphilitic Aortitis and Rheumatic Disease ot tie 
Heart: Report of Four Cases, Am. Heart J. 18:672-683, 1939. 
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This is the only case with which we are familiar in which gummatous 
aortitis was associated with a small aneurysm of the aorta. In 1927 
Peck^- was able to collect from the literature but 2 cases of similar 
occurrence in which gumma of the aorta and of the pulmonary artery 
coexisted. 

SUMMARY 

Three cases of macroscopic gummatous aortitis are reported. In case 
1 the gummatous process of the aorta completely occluded the right 
coronary artery and partially occluded the left one. In case 2 gummatous 
lesions were present also at the base of the aortic valve. In case 3 an 
extensive gummatous process affected not only the aorta but the pul- 
monary artery ; the necrotic gummatous lesions resulted in perforation 
of the aorta into the trachea. In none of these 3 cases was there gumma 
in the myocardium. 

Gummatous aortitis is mainly localized in the media, but usually the 
adventitia and the intima are also affected. Macroscopic gummatous 
aortitis is rare, and the number of authentic cases described in the recent 
literature, including the 3 described by us, totals less than 10. In addi- 
tion to the case reported here of occlusion of the coronary arteries by 
gumma, only 2 cases of this condition were found in the literature. 

Gummatous lesions of the aorta are responsible for symptoms only 
if they lead to narrowing or occlusion of the coronary arteries or to 
perforation of the aorta. Dyspnea, orthopnea, precordial distress, cardiac 
asthma, pulmonary edema and hemoptysis, when present, are referable 
to such lesions of the coronary arteries or the aorta. 

Of 360 cases of chronic syphilitic aortitis, microscopic gummas occur- 
red in 8 (1:45). This ratio must be considered minimal. Whether 
in all cases of chronic aortitis the lesions go through a stage of micro- 
scopic gummatous aortitis is not known. ^ 

In 3 of the 360 cases of chronic syphilitic aortitis an acute abscess- 
like lesion was encountered. In a control group of 224 cases similar 
“acute aortitis” occurred in 6 cases (in 1 associated with mediastinitis, in 
1 with lymphatic leukemia and in 4 with medionecrosis idiopathica 
cystica). Chronic lesions of the aorta predispose to secondary acute 
abscess-like lesions. 

The differential morphologic characteristics of gummatous aortitis, 
on the one hand, and those of acute bacterial aortitis, rheumatic aortitis, 
tuberculosis of the aorta, atherosclerotic necrosis, medionecrosis idio- 
pathica cystica and aortitis of undetermined origin, on the other hand 
are described. ' 

In the group of 360 cases of chronic syphilitic aortitis, atheromatous 
changes over the area affected by the syphilitic lesions were prominent. 
This suggests that chronic syphilitic lesions of the aorta predispose to 
the development of local atherosclerosis. 

784 Alassachusetts Avenue (Dr. Parker). 
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Prior to the demonstration by Bennhold that a diagnosis of amyloid 
disease could be based on the selective affinity of deposits of this sub- 
stance within the body, any decision as to the presence of amyloid 
deposits in the body rested on presumptive data. In another article 
we “ have presented cases that we have encountered in which this test 
was of service in arriving at a diagnosis. Even our restricted data 
demonstrate the utility of this little known test. Bennhold’s original 
technic of the injection of 10 cc. of a I per cent congo red solution has 
been used since his method first appeared.® While our work was in 
progress Friedman and Auerbach ^ and later Taran ® eliminated the 
factor of possible hemolysis by precipitating proteins with alcohol and 
(according to Taran) with acetone. 

METHOD 

Technic . — have made several modifications and refinements in the technic 
of performing this test, which yields information concerning the rate of removal of 
Congo red from the blood stream. In place of using a stated amount of the dye 
for each patient, we have selected a dose graded according to the patient’s weight: 

4 mg. per kilogram of body weight. 

From the Department of Surgery, Division of Orthopedic Surgery, the 
University of Chicago. 

1. Bennhold, cited by Harmon and Kernwein.- 

2. Harmon, P. H., and Kernwein, G.: Utility of the Congo Red Test in 
Diagnosis and in Differential Diagnosis, Arch. Int. Med., this issue, p. 421. 

3. Bookman, A., and Rosenthal, J., cited by Harmon and Kernwein ^ Barker, 
N. W., and Snell, A. N., cited by Harmon and Kernwein.2 Shapiro, P. F., 
and others, cited by Harmon and Kernwein.^ Rosenblatt, M.: Amyloidosis an 
Amyloid Nephrosis, Am. J. M. Sc. 186:558, 1933; The Clinical Manifestations 
of Amyloidosis, Ann. Int. Med. 8:678, 1934. 

4. Friedman, M. M., and Auerbach, O.: An Improved Congo Red Test for 
Amyloidosis, J. Lab. & Clin. Med. 21:93, 1935. 

5. Taran, A., cited by Lipstein, S., and Auerbach, O. : An Evaluation of the 
Congo Red Test for Amyloidosis, Quart. Bull., Sea View Hosp. 2:120, 1937. 
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Four minutes and one hour after injection of this quantity of dye samples of 
blood are regularly removed for examination. If the presence of amyloid disease 
is suspected, intermediate specimens should be obtained. When the quantity of 
amyloid is large, as indicated by the presence of a palpable spleen and/or liver, 
we obtain samples of blood nine and fourteen minutes after injection. Not infre- 
quently under these circumstances one or both of the specimens show only a 
trace of the dye remaining. Just prior to injection of the dye 10 cc. of blood 
is drawn, as a source of plasma for preparation of the usual standards, as 
described later. Any hemolysis is detected in this control, and if it occurs the 
whole test is repeated. To prevent coagulation 1.4 per cent sodium oxalate 
solution in distilled water is mixed with the blood withdrawn in the proportion 
of 1 volume of oxalate solution to 4 volumes of blood. Five cubic centimeters of 
oxalated blood (1 cc. of oxalate solution and 4 cc. of blood) is the usual sample. 
The specimen of blood is then centrifuged, and the oxalated plasma is drawn off 
the underlying corpuscles. 

Standards. — These are made from an aqueous stock solution of 0.05 per cent 
Congo red. Two cubic centimeters of oxalated plasma prepared prior to injec- 
tion of the dye is placed in each of two 10 cc. volumetric flasks. There are then 
added varied quantities of the stock Congo red solution, usually 0.3 and 0.2 cc. 
These standards, when diluted with distilled water to the mark on the flask, 
contain, respectively, 15 and 10 micrograms of Congo red per cubic centimeter, 
calculated on the basis of the oxalated plasma prior to dilution. If amyloid 
disease is indicated by the test, even the specimen of blood drawn four minutes 
after injection will contain a reduced concentration of the dye, as compared 
with a similar specimen from a normal person, so that standard solutions for 
comparison are then prepared with 0.1 and 0.05 cc. of the dye in 2.0 cc. of 
oxalated, uncolored plasma, each mixture being diluted with distilled water in a 
10 cc. volumetric flask, as previously described. These standards contain, respec- 
tively, 1.5 and 2.5 micrograms of congo red per cubic centimeter. 

Calculations. — ^The various specimens of blood are then compared with the 
appropriate standards by means of the colorimeter. The concentration of congo 
red in each specimen of original blood plasma can then be calculated by the 
following formula, in which S = micrograms per cubic centimeter of congo red 
in the diluted standard : S X 1-25 X 5 = the concentration in micrograms per cubic 
centimeter of congo red in the original circulating blood. The percentage of dye 
left in the blood stream after one hour as compared with that present after four 
minutes can also be readily calculated. Check comparisons have shown that the 
maximum error is about 10 per cent, the average error being between 5 and 
8 per cent, when oxalated blood is compared with standards prepared as described. 
The test is preferably done in the morning prior to the ingestion of the first 
meal of the day, so that alimentary lipemia will not be a dikurbing factor in the 
colorimetric comparisons. If this is not possible, the test can be made five or six 
hours after the last previous meal. A sample of blood taken promptly after the 
ingestion of a meal cannot be accurately compared with one taken an hour later. 
In about one fourth of the patients having amyloidosis that we have encountered 
there is a slight shift toward an orange color in the specimens withdrawn after 
the dye has been in the blood stream, which renders the unknown samples not 
quite so suitable for comparison to the standards. Although error is introduced 
under such circumstances, the additional amount is not great. That this phe- 
nomenon is not due to blood hemolyzed during centrifugalization is controlled by 
the color of the sample of plasma obtained prior to dye injection. 
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When one has determined that the dye has all disappeared from the circulating 
blood stream in less than one hour and that appreciable amounts of amyloid are 
present, determination of the disappearance time of the dye on different dates after 
the intravenous injection of the standard dose of 4 mg. per kilogram may give a 



Fig. 1. — Acceleration in the rate of clearance of Congo red from the blood 
stream with the accumulation of amyloid in 2 patients. The curves for each are 
designated by broken and by unbroken lines, respectively. 



stream witli the disappearance of amyloid in 1 patient. 

t 

rough estimate as to whether the amount of amyloid present is increasing or decreas 
ing (figs. 1 and 2). Determination of the disappearance time is done in the same 
way that quantitative determination of the total quantity of dye in oxalated oo 
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plasma is made except that withdrawal of specimens of blood :s done every five 
minutes after the initial four minute specimen is obtained for a total of four speci- 
mens exclusive of the initial specimen. The time corresponding to the specimen 



Cofl^o Red, Mtcro^rams jjer Cu-bic Centimeter 


Fig. 3.— Concentration of congo red in the blood of persons with amyloid disease 
(shaded areas, twenty-nine determinations) and normal controls (unshaded areas, 
fifty determinations) four minutes after intravenous injection of the dye. 



Fig. 4. — Average rate of disappearance of congo red from the blood stream in 
normal persons and in patients Avith glomerulonephritis and with amyloid disease. 

in which the concentration of dye is so small that it cannot be estimated colori- 
metrically is designated as the time of disappearance. 

Estimation of the dye in the urine is much less accurate than its estimation 
in blood plasma, as it is not possible to set up standards in urine that are 
comparable with the excreted product containing the dye. Production of a blue 
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color by acidification has not been any further aid.. With care in handling the 
specimens of blood during collection and centrifugalization, we have not found it 
necessary to precipitate the proteins by alcohol or acetone, as advocated by Fried- 
man and Auerbach and by Taran. 

RESULTS 

This report is a summary of the results of one hundred and thirty- 
nine tests, 92 of which were performed according to the quantitative 
technic just described. The average level of congo red in the blood four 
minutes after intravenous injection was 85.7 micrograms per cubic 
centimeter in fifty determinations made on normal controls, 29.6 micro- 
grams per cubic centimeter in twenty-nine determinations made on 11 
patients with amyloid disease and 71.5 micrograms per cubic centimeter 
in eight determinations made on patients suffering from chronic 
glomerulonephritis. Figure 1 demonstrates the accumulation of appreci- 
able stores of amyloid during the progression of the disease. Con- 
versely (fig. 2), similar curves also will demonstrate deceleration of 
removal from the blood stream, a phenomenon which presumably 
parallels recovery and disappearance of amyloid deposits. This phe- 
nomenon has been discussed more freely in another paper,^ dealing with 
the clinical phases and the diagnosis of amyloid disease. Figure 3 
presents a graphic analysis of the initial levels of congo red attained 
in the blood in seventy-nine determinations on the normal persons and 
those with amyloidosis. The lower levels and the faster disappearance 
in persons with amyloid disease is related to the immediate absorption 
of the dye from the blood stream by deposits of this substance. 

The average disappearance curves of the dye from the blood stream 
in three classes of patients as determined by our tests is given in figure 
4. The average rate of disappearance in persons having amyloid disease 
is radically different from that in normal controls and from that in 
persons suffering from albuminuria due to chronic glomerulonephritis. 
The interpretation, utility and reliability of this test have been discussed 
in another paper.^ 

SUMMARY 

A quantitative technic for execution of the congo red test is described. 
Standards are given, and average disappearance curves and values for 
the level of congo red in the blood are presented. 

Robert Packer Hospital. 

6 North Michigan Boulevard. 
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During the past few years the congo red test for the confirmation 
of amyloid deposits in the body has been serviceable in our hands in 
elucidating the nature of obscure enlargements of the spleen and the 
liver. Since this test is not as well known as it deserves to be, and 
since we feel that many problems in diagnosis might be clarified by its 
use, reports are presented of 7 cases in which this test was of great 
value in arriving at a diagnosis. It should be emphasized that if positive, 
the information derived from the test is unequivocal, but there may be 
a small to moderate degree of amyloid present, undetectable by the test. 

Bennhold ^ found that congo red, if carefully prepared, could be 
injected intravenously without danger. He presented 10 cases demon- 
strating that amyloid deposits in the liver would remove the dye rapidly 
from the circulating blood. This author also observed that patients 
with albuminuria due to noninflammatory disease of the kidney 
(nephrosis) eliminated quantities of the dye in the urine. There have 
been but a few additional reports ^ on the application of the method to 
a series of patients since the appearance of the original communication. 

From the Division of Orthopedic Surgery, Department of Surgery, the Uni- 
versity of Chicago. 

1. Bennhold, H. : Ueber die Beziehungen des Kongorotes zur amyloiden Sub- 
stanz und tiber den Mechanismus der beschleunigten FarbstofTausscheidung bei 
tubularen Nierenkrankheiten, Klin. Wchnschr. 3:1711, 1924; Ueber die Ausscheidung 
intravends einverleibten Kongorotes bei den verscheidensten Erkrankungen insbe- 
sondere bei Amyloidosis, Deutsches Arch. f. klin. Med. 142:32, 1923. 

2. (o) Bookman, A., and Rosenthal, J.: The Clinical Value of Intravenous 

Injection of Congo Red in the Diagnosis of Amyloid Disease, Am. J. M. Sc. 173: 
396, 1927. (&) Barker, N. W., and Snell, A. N.: The Congo Red Test with 

Special Reference to Excretion of the Dye in the Urine, J. Lab. & Clin. Med. 
16:262, 1930. (c) Shapiro, P. F,: Lipoid Nephrosis: Pathology, Genesis and 

Relation to Amyloidosis, Arch. Int. Med. 46:137 (July) 1930. (d) Wallace, J. : 
Diagnosis of Amyloid Disease by the Intravenous Injection of Congo Red, Lancet 
1:391, 1932. (e) Rosenblatt, M.: The Clinical Manifestations of Amyloidosis, 

Ann. Int. Med. 8:678, 1934; (/) Amyloidosis and Amyloid Nephrosis, Am. J. M. Sc.' 
186:558, 1933. (g) Lipstein, S., and Auerbach, O.: An Evaluation of the Congo 
Red Test for Amyloidosis, Quart. Bull., Sea View Hosp. 2:120, 1937. 
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Elsewhere ® data from a series of tests have been analyzed. All previous 
authors have employed the original method of Bennhold, which con- 
sists merely of a comparison of the amount of the dye left in the 
blood stream at the end of one hour with that originally present just 
after injection. 

METHOD 

Bennhold injected either 10 cc. of a 1 per cent aqueous solution of congo red 
or IS cc. of a 0.75 per cent solution intravenously. Four and sixty minutes after 
injection samples of blood were drawn, coagulation being prevented by coating 
tubes with paraffin. The two samples were then compared colorimetrically, and 
the percentage of dye left after sixty minutes was expressed in terms of the four 
minute specimen, which was used as a standard. 

We have modified the test by injecting intravenously 4 mg. of congo red per 
kilogram of body weight as a 1 per cent solution. Specimens of blood are removed 
four and sixty minutes after injection. When the presence of amyloid disease 
is suspected and we wish to estimate roughly the amount of amyloid present, inter- 
mediate specimens are obtained.^ For example, in the presence of a large quantity 
of amyloid, specimens drawn ten to fifteen minutes after injection of the dye usually 
do not show any trace of red or pink coloration. It is then desirable to repeat 
the test and determine the disappearance time of the dye from the peripheral blood 
stream. A detailed description of the technic can be found in another report.^ 
The amount of the dye in micrograms per cubic centimeter of original blood plasma 
is obtained. 

RESULTS 

We have made one hundred and thirty-nine injections of congo red 
according to the technic just described in 69 different patients. Extreme 
and median values for the amount of congo red present in the circu- 
lating blood stream (oxalated plasma) after the intravenous injection 
of the standard amount are given in table 1. In accordance with the 
experiences of Bennhold ^ and others,® whenever a palpably enlarged 
spleen or liver has been produced by amyloid infiltration of that organ, 
the intravenous injection of congo red is followed by a rapid disap- 
'pearance of the dye from the peripheral blood stream, thus leaving 
colorless the specimen of blood drawn after an hour. The interpretation 
of a partial clearance of the dye from the blood stream after an hour will 
be discussed later. We have preferred to make a clinical and laboratory 
diagnosis of amyloid disease only when the dye was completely removed 
from the blood after an hour; however, we have included as an illus- 
tration of a positive test a single case (8) in which there \yas 72.7 per 
cent absorption in an hour, since subsequent autopsy disclosed the 
presence of amyloid, Lipstein and Auerbach investigated this ques 
tion, having available 12 cases in which there was greater than 50 per 
cent absorption of the dye during life but in which there was no demon 

3. Harmon, P. H., and Kernwein, G.: Congo Red Test for Amyloid Disease: 
A Quantitative Technic, Arch. Int. Med., this issue, p. 416. 



HARMON-KERNWEIN— CONGO RED TEST 


423 


strable amyloid at necropsy. In only 1 of these cases was there complete 
absorption of the dye in one hour. Thus, if complete absorption is 
adopted as the standard of a “positive” test, rather than absorption 
of more than 50 per cent, as advocated by Bennhold, a positive congo 
red test will have great significance. In all (8) of our patients in whom 
complete clearance of the dye from the blood stream occurred in one 
hour and who subsequently came to autopsy amyloid was encountered 
in the organs in large quantities. The presence of amyloid in the liver, 
spleen and other organs was confirmed at necropsy in 10 of our patients. 
The test indicated large quantities of amyloid in 8 additional patients. 
Of this last-named group, 2 had a palpably enlarged liver at the time 
of the first examination and 2 appeared to be recovering from amyloid 
disease as judged from the results of the dye test, disappearance ‘ of 
albuminuria and anemia and improvement in general well-being. The 

Table 1. — Concentration of Congo Red After Intravenons Injection of Four 
Milligrams per Kilogram of Body Weight, Calculated as the Amount in 
Undiluted Blood Plasma (Micrograms per Cubic Centimeter) 



No. 4 Min. After Injection 

1 Hr. After Injection 

Clinical Status 

tients Lowest 

Highest 

Median 

Lowest 

Highest 

^ 

Median 

History ot chronic suppura- 
tion; no amyioid disease 

38 49.1 

128.3 

75.0 

24.4 

106.5 

55.0 

Amyloid disease 

11* 4.7 

57.3 

26.4 

0 

14.3 

0 

Acute and/or chronic glo- 

8 50.8 

106.3 

67.5 

21.8 

90.6 

48.1 


merulonephritis 


* Twenty-nine tests on 11 patients. 


remaining patients had appreciable amounts of amyloid deposits as 
judged by the dye test, but their livers and spleens were not palpable. 
In other instances the congo red test has enabled us either to dismiss 
the possibility of amyloid disease or to demonstrate the nature of an 
obscure enlargement of the liver or the spleen. 

REPORT OF NINE CASES IN WHICH THE TEST WAS OF VALUE 
IN DIFFERENTIAL DIAGNOSIS 

Case 1. — A boy 9 years of age with a history of two years’ disability from 
generalized juvenile atrophic arthritis (Still’s disease) was first tested in April 
1932. During fifteen months previously there had occurred four periods of several 
weeks when activity of many joints was present, with a daily exacerbation of 
temperature to 102.4 or 104 F. (39 or 40 C). He had been treated by conservative 
ortliopedic procedures aimed at prevention of deformity. Many repeated blood 
cultures remained sterile. During the early months of 1932 there appeared pro- 
gressive enlargement of the- liver, so that when Ave first saw the patient the liver 
was palpable 6 cm. below the right costal margin in the midclavicular line. Flaring 
costal margin and a protuberant abdomen were present. The patient was moder- 
ately anemic, the hemoglobin concentration (Sahli) being 60 per cent and the red 
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blood cells numbering 3,090,000 per cubic millimeter. The patient was excreting 
a large quantity of albumin in the urine, graded by the Heller nitric acid test 
as 4 plus. Only an occasional epithelial cast was found in the urine. No suppura- 
tion had been present at any time. Fifteen minutes after injection of 4 mg. per 
kilogram of congo red intravenously the dye all disappeared from the blood stream. 
None appeared in the urine. The diagnosis was amyloid disease involving the 
liver and kidneys, occurring as a complication of generalized juvenile atrophic 
arthritis (Still’s disease). 

Case 2. — A boy aged 12 had a fifteen months’ history of multiple chronic 
osteomyelitis involving the mandible, the left and the right femur, the left fourth 
metacarpal, the right tibia, the right scapula, the right fifth rib and the right 
humerus, with a pathologic fracture of the right femur. Liver dulness was increased 
to the right costal margin, but that organ was not palpable. The patient had severe 
secondary anemia, with a hemoglobin concentration of 45 per cent (Sahli) and 
a red cell count of 2,900,000 per cubic millimeter. There was no albuminuria. 
Four milligrams per kilogram of congo red was injected intravenously. The 
specimen of blood removed at the end of one hour showed the same amount of 
dj'-e as that present four minutes after injection. Thus, regardless of the long 
history of severe and widespread suppuration and the severe anemia, the congo 
red test showed no amyloid to be present at this time. During the following 
nine months, osteotomies were done and two large soft tissue abscesses were 
drained. During a period of six weeks, the patient ran a low grade fever (tem- 
peratures of 99.5 to 100.5 F. [37.5 to 38 C.]) and a moderate amount of albumin 

appeared in the urine. The liver and the spleen were still not palpable. A 

repetition of the congo red test at this time demonstrated a total disappearance of 

the dye from the blood stream in twenty-five minutes. None appeared in the 
urine. Later tests showed a still more rapid disappearance of the dye from 
the blood stream. This patient was thus shown to have acquired amyloid disease 
of moderate severity while under hospital treatment for multiple chronic osteo- 
myelitis. He subsequently died and was examined at necropsy. 

Case 3. — A 12 year old boy had had chronic osteomyelitis of the lower portion 
of the left tibia for fifteen months. The lesion had been healed for twelve months 
when a blow to the area was followed by an acute local recurrence of the infection. 
In addition to the local condition, we observed that the patient’s urine contained 
much albumin and 20 to 30 red cells and 5 to 10 white cells per high power field 
of the microscope. These urinary changes had also been present on the patient s 
first admission but had rapidly subsided as the infection was brought under control. 
Examination of the blood showed that the patient was not anemic. At neither 
time was the liver or the spleen palpable. The congo red test, performed by the 
intravenous injection of 4 mg. per kilogram of the dye, showed that 71.8 micro- 
grams per cubic centimeter (74 per cent of 86.3 micrograms per cubic centimeter, 
the amount present after four minutes) remained in the blood after one hour. 
None of the dye was excreted in the urine. Nine months after the first test t e 
patient returned with another local recurrence of osteomyelitis, with similar urinary 
findings. The dye test was repeated, with similar results. The diagnosis was 
chronic glomerulonephritis and recurrent osteomyelitis. 

Case 4.— A man aged 50 had had a chronic cough following 
six years. During the six months just before we saw him the coug a ee 
more productive and the sputum purulent. The patient had been wea , n 
there had been a loss in weight of 30 pounds (14 Kg.) during the previou y 
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The physical examination showed among other things marked clubbing of fingers. 
The spleen and the liver were each palpable 6 cm. below the costal margin in the 
respective anterior axillary lines. There were a few coarse rales over the base 
of the chest. Examination of the blood showed a hemoglobin concentration of 
52 per cent (Sahli) and a red cell count of 3,100,000 per cubic millimeter. The 
white cells numbered 6,000 per cubic millimeter. The urine showed appreciable 
albumin, graded from 2 plus to 4 plus, with a moderate number of epithelial casts 
and occasional white cells and red cells. Roentgenograms of the chest showed 
some soft disseminated infiltrative lesions in the lower portion of the chest on the 
right side, interpreted as bronchiectatic markings. The nonprotein nitrogen content 
of the blood was 118 and 84 mg. per hundred cubic centimeters on two observa- 
tions, and the index of urea clearance was 5 and 9 (normal 40 to 65) on two 
different tests. The Congo red test (4 mg. per kilogram of body weight) showed 
90 per cent retention of the dye in the blood stream after one hour. None appeared 
in the urine. The final diagnosis was chronic glomerulonephritis with nitrogen 
retention, chronic bronchiectasis, secondary anemia and cardiac decompensation, 
with chronic passive congestion of the liver, spleen and kidneys. 

Case 5. — The patient was a woman aged 32. Infection had occurred at another 
hospital after an open operation for bilaterally fractured patellas. This was followed 
by unilateral pyoarthrosis and almost complete fibrous ankylosis of the same 
knee. When the patient was seen by Dr. D. B. Phemister, fourteen weeks 
after the infection had occurred, there was still a draining sinus present and 
some swelling and tenderness about the knee, with only 5 degrees or less of 
passive motion possible. The patient was having a persistent afternoon temperature, 
ranging between 100.5 and 102 F. (38 to 38.8 C.). The spleen was palpable 3 cm. 
below the left costal margin in the anterior axillary line. The liver was not 
palpable. The patient had a moderate degree of secondary anemia, with a hemo- 
globin concentration of 65 per cent and a red cell count of 3,550,000 per cubic 
millimeter. The Congo red test, done by the injection of 4 mg. per kilogram intra- 
venously, showed 66.9 micrograms of the dye per cubic centimeter to be present in 
the blood stream at the end of an hour (85 per cent of 75 micrograms per cubic 
centimeter, the amount present after four minutes). None was excreted in the 
urine. The dye test indicated that amyloid was not present in this patient at this 
time. 

Case 6. — A man 65 years of age complained of dysphagia for solid food and 
of a sensation of a foreign body present in the lower part of the throat for seven 
weeks prior to seeking medical advice. He had lost 41 pounds (19 Kg.) in weight 
during the previous four months. On physical examination the patient showed 
general emaciation and cachexia. Other results of examination were not remarkable 
except for the enlargement of the liver to a point 10 cm. below the costal margin 
in the right midclavicular line. The edge of this organ was firm and rounded. 
A trace of albumin was present in the urine. Red cells numbered 4,070,000 per 
cubic millimeter. Roentgen examination with the aid of an opaque contrast medium 
administered by mouth demonstrated a lesion in the upper portion of the esophagus 
opposite the second to the sixth thoracic vertebra. Biopsy of material obtained 
through an esophagoscope revealed an epidermoid carcinoma. The Congo red test 
was made by the intravenous injection of 4 mg. per kilogram of body weight. 
There was 61.3 micrograms of dye per cubic centimeter (82 per cent of 74.4 
micrograms per cubic centimeter, the amount present after four minutes) remaining 
in the patient’s blood stream after one hour. None appeared in the urine. The 
diagnosis prior to operation was carcinomatous stenosis of the esophagus. The cause 
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of the enlarged liver was not definitely decided, except that it was not due to 
the deposition of amyloid. At an abdominal exploration, at which time a gastros- 
tomy was also done, a firm and finely nodular liver, typical of alcoholic cirrhosis, 
was encountered. The patient’s immediate postoperative course was excellent, 
as he was soon able to take fluids and food through the gastrostomy opening. 
During the course of subsequent high A'oltage roentgen therapy, the patient lost 
more weight and strength, an intractable cough developed and the patient finally 
died. At necropsy amyloid was not present in the enlarged liver. 

Case 7. — A boy 6 years of age presented himself with draining sinuses in the left 
arm and left leg. He was obviously'- anemic, underweight and malnourished. The 
onset had been ushered in with chills and fever following trauma, the patient having 
been treated for “malaria” before a definite diagnosis was established. Swelling 
of the scrotum and the abdomen had occurred during the course of the acute illness, 
and fluid had accumulated in the chest, necessitating aspiration of the chest six times 
in the four months before the patient was seen at the University of Chicago 
Clinics. On admission he had edema of the ey^elids. On the left side, the super- 
ficial veins of the neck were distended and there was a venous pattern on the 
anterior aspect of the chest. Dulness and diminished breath sounds were present 
in the chest on the left side. The spleen was palpable 8 cm. below the right costal 
margin in the left nipple line. The upper portion of the left humerus was palpably 
enlarged, and three healed scars were present. There were two discharging 
sinuses over the left tibia. Examination of the blood showed the red cell count 
to be 5,040,000 per cubic millimeter, the white cell count 10,600 per cubic milli- 
meter and the hemoglobin concentration 80 per cent. Albumin (1 plus) was 
present in the urine. Roentgenograms showed a massive pleural effusion on the 
left side, which on aspiration ydelded seropurulent fluid. Changes characteristic of 
chronic osteomyelitis were seen in the left tibia and the left humerus. The congo 
red test showed 64 micrograms per cubic centimeter in the blood stream at the 
end of one hour (80 per cent of 80 micrograms, the amount of the blood four 
minutes after injection). The diagnosis was chronic (left) thoracic empyema and 
chronic pyogenic osteomyelitis of the left tibia and the left humerus. It Avas 
thought that the patient did not have amyloid disease because of the rapid dis- 
appearance of the splenic enlargement in conjunction with the negative dye test. 
His subsequent course proved this to be correct. 

Case 8. — A girl aged 11, a sister of the patient in case 7, presented herself with 
multiple chronic rheumatoid arthritis (Still’s disease) of three years’ duration. 
On entrance and intermittently for the ensuing four y'ears of observation, she 
presented mild to moderate edema of the face and eyelids, associated with slight to 
moderate intermittent albuminuria. During three of tliese four years the patient 
remained in good general condition, but during the fourth y'ear she began to lose 
weight, became cachectic and finally'^ died in a coma associated with nitrogen reten- 
tion. Never at any time was either the liver or the spleen palpable. The congo 
red test done on two occasions during the first two years of observation showed 
88 and 60 per cent retention in the blood stream, but a third test done a few 
months prior to death showed a blood level of 14.3 micrograms per cubic 
centimeter at the end of one hour (27.3 per cent of the level of 52.3 micrograms 
per cubic centimeter four minutes after injection). At necropsy a moderate degree 
of generalized amyloidosis was found, especially in the kidney's. 

Case 9.— A boy aged 15 years had a tibial leg-lengthening osteotomy performed. 
For four successive day's the color of the lower portion of the leg remame 
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cyanotic and the temperature elevated. On the fifth and the sixth day definite 
gangrene of the leg appeared. A pure culture of P hemolytic streptococci was 
isolated from the wound and from around the pin holes. A midthigh amputation 
was performed in an attempt to save the patient’s life, but he died ten hours after 
the amputation. Two years before the first surgical procedure it had been observed 
that he had a trace of albumin in the urine. At that time a Congo red test, done 
because of the history of chronic suppuration, showed that 80 per cent of the 
dye remained in the blood plasma at the end of an hour. In the ensuing two years 
the albumin disappeared from the urine. A second congo red test performed 
the day before death showed 79 per cent of the dye in the blood stream at the end 
of an hour (initial level after four minutes being 53.4 micrograms per cubic 
centimeter). The necropsy showed moderate to advanced amyloid infiltration in 
the glomeruli and slight am 3 doid infiltration in the liver, spleen and adrenal glands. 
The septic thrombosis of both renal arteries observed post mortem may have been 
responsible for the negative dye test on the latter occasion. 

DIFFERENTIATION OF NEPHRITIDES BY THE CONGO RED TEST 

In Beniihold’s report ^ on the use of congo red in the diagnosis of 
amyloid disease the possibility of utilizing this test to differentiate the 
types of nephritides was minimized. Since that time, however, 
there have appeared indications that this dye might be employed in 
clinical laboratory tests to differentiate chronic glomerulonephritis from 
nephrosis. The difficulty of segregating certain stages of chronic 
glomerulonephritis (for example, the nephrotic stage) from pure 
nephrosis either by clinical appearance or by chemical examination of 
blood or urine is well known.® In an attempt to confirm and clarify 
the possible utility of the congo red test in this situation the tests sum- 
marized in table 2 were carried out. We attempted to correlate the 
urinary excretion of congo red in 7 patients with various stages and 
types of chronic nephritis and in 1 patient with orthostatic albuminuria 
with the amount of protein excreted in the urine during the period of 
examination. The clinical status of these patients, together with the 
data compiled in this study, is given in the accompanying table 2. 
Determinations of the dye were made colorimetrically both in blood 
plasma and in urine by comparison with standards. The amount found 
in the urine is an approximation as standards cannot be .accurately 
proposed with urine as a diluent. 

It can be seen by reference to table 2 that there was a wide variance 
between the amount of the dye excreted in the urine after the intra- 

4. Nathan, M. : Ueber die klinische Diagnose des Amyloidose mittels Kon- 
gorotinjectionen, Miinchen. med. Wchnschr. 75:1883, 1928. Strasser, U. ; Die 
Kongorotprobe auf Amyloid bei nephrotischen Symptomencomplex Med Klin 
25:468, 1929. Shapiro.sc 

5. Leiter, L. ; Nephrosis, Medicine 10:135, 1931. McClure, W. B.; de Takats, 

C. B., and Hinman, W. F. : Mechanism of Edema of the Renal Tyne Arch Int’ 
Med. 51:819 (June) 1933. ' ’ 



Table 2. — Relation of Proteinuria to Urinary Excretion of Congo Red 


.2 

0) 

u 

o 

>, 

u 

d 

.S 


cS 

d£ . 

P^S 

ux 


^ 3 
. O 


cq 

o 


0) 

Ph 

bfi 

s 

o 

O 


« c 

=2*^ e 


W 

.s 

t. d 


S ® <D 3 U 
<u 3 o br 
-J r ffi o 


<D 

O 

d 

tH 

Eh 


o 

cq 


U W 

.S S.s s 

d 





c-ai a 1- o 
g2ogO 

§ 

tH CO 

® § 
O o 

o ^ 

03 ^ 


lO CO 

lo oo 

Ci oo 

e<t ” 




<D 

V 

a 

u 

B 


-I 


la 

c<j ^ 


0) 

o 

d 

B 


W 00 r 

'•J* O CO b- 


OJ^ 

^ d 5:^ d 

►-'•s <“!2^2 

3 

O <1);- 

uiO« 

a*^ 

6 

- 

Ills 

^P< S 
o 


o 

oo 


o 

00 


cq 


CO 

iO 


O 

t- 


o 

t- 


3 Ji ^ 

° S o “ 

3 C “ 3 

-^5 'S 3 5 

— o 


o M 

c 3 ^ 

5 £ o 

r ; r » tn 

-ft 3 


U3 


a 


oi 


C3 £3 

.s s 

s ^ 

33 'O 

OH 


w 

o 

3 

bi) 

d 


1 I 


o 

Ut 


+ 


3 

3 bJO 

o .2 - 

•a-E " 

‘f a ^ 
3 S' g 

O C 3 

<! “ 


-3 3° 


3 

1 

<y 



W 


OT 

<v 

s 

'O 

"d 

"w 

0 

o 

"d 

a> 

<v 

To w 

3 

3 



<D 

<D 

7j 

f 

3 3 : 

0 

to 

02 

0 

0 a 

'B 

<3} 

W 

d 

'C 

b 0) 

b 

S 

X 3 

d 


0 0 

0 

<y 

d 


+ 


■2 J: 

2 » 

3 ^ 

3 ® 

o bo 

bo a 

;3 w 

<D ti 

3 “ O 

•< 3 


3 

h JS 
Q .-3 

E ^ 
o 

’bo w 


3 p3 

o a 
^ 0) 
£ 3 

o s 


o 

I i: 

d W 
,3 3 


o d ^ 
s c; U 


+ 


I 

o 

Si 

g 

E 2 

o c ^ 

“'T “ 

o ^ iS 

■a z ” 

sli; 

?? 0) o 

3 


3 

ti 

o 

s 

o 

W) S 

« S -2 


.3 M 

-S 


o 

X 3 

O i 


o s 


°l" 

<r .3 d 
bod 0) 

<J(5h 


3 V 

d I 


t- 

1-H 


428 



HARMON-KERNWEIN— CONGO RED TEST 


429 


venous injection of a standard dose of congo red (4 mg. per kilogram 
of body weight) and the quantity of protein excreted in the urine during 
the same period. Further, there was no relation between the level, of 
protein in the circulating blood, the presence of edema clinically, the 
functional efficiency of the kidney as measured by the index of urea 
clearance and either the amount of protein in the urine or the amount 
of Congo red excreted in the urine. Normally, in human beings in 
the absence both of albuminuria and of amyloid deposits in the body, 
no Congo red or a bare trace is excreted in the urine.® 

' COMMENT 

The cases presented in this paper demonstrate the value of the congo 
red test in confirming the clinical impression of amyloid disease and 
for further clarification of the nature of obscure enlargements of the 
liver and the spleen. If a positive result, by which we mean complete 
removal of a standard dose of 4 mg. per kilogram of dye given intra- 
venously, is obtained, there is little likelihood that the condition is other 
than amyloid disease. Only 1 case (reported by Lipstein and Auerbach) 
of a “false positive” test is on record if the criterion just mentioned is 
accepted. There was no explanation given for this singular result. In all 
of our severely ill patients, in whom complete absorption of the dye was 
present and who came to necropsy, the presence of amyloid deposits 
was demonstrable. 

When the patients demonstrating only partial absorption of the 
dye are considered, especially that group in whom 50 to 90 per cent 
of the dye was removed from the blood stream, there is opportunity 
for misinterpretation of the result. The criterion originally established 
by Bennhold for a “positive” test needs modification and more liberal 
interpretation. It is our opinion that a partial absorption result should 
be considered as only “suggestive” of the presence of amyloid. Eleven 
cases were reported by Lipstein and Auerbach in which autopsies failed 
to yield evidence of amyloid deposits but in which during life more than 
50 per cent absorption of the dye has been demonstrated. The tests in 3 
of our patients fell into this category. One patient, with Still’s disease 
and 72 per cent absorption, subsequently died, and changes typical 
of amyloid disease were encountered at necropsy. The other 2 patients 
are still well, with 51 and 60 per cent disappearance of dye. One of 
the patients is without any of the suggestive signs of amyloid disease 
except slight anemia (70 per cent hemoglobin) and intermittent slight 
albuminuria; in the other an accelerated and typical dye absorption 
curve later developed, but the patient recovered completely, with reversal 
of the dye absorption test. 


6. Bennhold.i Footnote 2. 
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False negative results may occur and should be interpreted with 
some caution, especially when other signs point to amyloid disease. 
In our series 1 patient had a negative test, interpreted according to the 
first-mentioned criterion (less than 50 per cent absorption). An 
autopsy was subsequently done, with the finding of amyloid in the 
organs. Lipstein and Auerbach also reported that in 1 patient in whom 
changes typical of amyloid disease were observed at autopsy only 35 
per cent of the dye was absorbed. In our patient just mentioned 
thrombosis of the renal arteries was encountered at autopsy, and since 
the majority of the amyloid was in the kidney, that condition might 
have accounted for the false negative result. We had 1 patient in whom 
there was incomplete absorption (72 per cent), while Lipstein and 
Auerbach described 4 patients (3 showed 90 per cent absorption, and 
1 had 95 per cent absorption), all having amyloid demonstrable at 
autopsy. 

The question of recovery from typical amyloid disease associated 
with complete absorption of the dye can be answered in the affirmative. 
We have had 2 patients in whom complete reversal of the dye test 
occurred and a third who remained in excellent health and without 
anemia or albuminuria for five years. Tlie result of the dye test in 
the third patient remained positive. In our opinion the 6 “recovered 
cases” reported by Grayzel and Jacobi should be reduced to 2, 
inasmuch as the other 4 were probably in a period of spontaneous 
remission, since they still showed appreciable absorption of the dye 
and albuminuria. The same is true of the cases reported by Whit- 
beck.® Spontaneous remissions are common in this disorder, when 
for periods of several months the size of the viscera recedes, the patient 
gains weight, anemia improves and albuminuria disappears, but the 
Congo red test remains positive. The criterion for recovery in the 
cases reported by W aldenstrom ® was absence of amyloid in biopsy 
specimens obtained by liver puncture. 

Our 2 instances of recoA^ery bring the total number of recoveries 
from this disease reported in the literature to 11. Four instances Avere 
reported by Waldenstrom.® Taa^ recoA'^eries Avere described b)'' Pearl- 
man,^® in addition to 2 cases in AAdiich regression occurred. In these 

7. Grayzel, H. G., and Jacobi, M.: Secondary Amyloidosis: Results of 
Therapy with Desiccated Whole Liver Powder, Ann. Int. Med. 12:39, 1938. 

8. Whitbeck, B. H. : Liver Meal in the Treatment of Amyloidosis, J. Bone & 

Joint Surg. 14:85, 1932. . 

9. Waldenstrom, H.: On the Formation and Disappearance of Amyloid m 
Man, Acta chir. Scandinav. 63:479, 1928; Ueber das Entstehen und Verschwmden 
des Amyloids beim Menschen, Klin. Wchnschr. 6:2235, 1927. 

10. Pearlman, A. W.: Regression of Amyloidosis, Quart. Bull., Sea \ lew 
Hosp. 6:92, 1940. 
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2 cases the interpretation of the dye test was questionable, as there was 
incomplete elimination of the dye from the blood stream. Habein,’-’- 
Rosenblatt and Reimann each reported an instance of recovery in 
which there was complete reversal of the dye test. Prior to the intro- 
duction of the Congo red test 4 instances of recovery were recorded, 
but these recoveries, while suggestive, must remain conjectural, as they 
cannot be confirmed by modern rigid criteria. It is difficult to estimate 
the percentage of recover}'’ in cases of this disease, as the reports are 
in the main of single cases. Judging from our series and those 
of Waldenstrom, Grayzel and Jacobi and Pearlman, “permanent” 
recoveries with reversal of the dye test occur in less than 10 per cent 
of cases, even when suppuration has been minimized. Elimination of 
suppurative foci appears to be the only reliable basic means of con- 
trolling the disease. Since the complication occurs most frequently in 
persons with cavernous pulmonary tuberculosis, with secondary infection 
associated with tuberculous joint disease and with chronic multiple 
pyogenic osteomyelitis, the difficulty results from unsatisfactory treatment 
of or response to the original disease. Encouraging results in treatment 
have been reported with desiccated liver meal by Whitbeck and by Grayzel 
and Jacobi. However, the use of this material must be considered as 
an adjuvant to elimination or control of suppuration, inasmuch as the 
results reported by these authors were not uniformly successful. We 
treated 4 patients with liver meal for almost a year without observing 
more benefit than regression similar to that occurring under favorable 
conditions without this treatment. Periods of “spontaneous” regression 
in the disease must be fairly common, since they occurred one or more 
times in 10 of our 11 patients, A regression simulates a “recovery” 
closely but is distinguished from it by the temporary duration of the 
regressive phase and failure of the congo red test to reverse during the 
episode. 

It should be pointed out that although suppuration is the most 
common associated or causative condition in the production of amyloid 
disease, it is not necessary always to have suppuration as a preliminary 
condition. It is a common complication of Still’s disease (2 instances 
in our series) and of multiple myeloma.^® The common association of 

11. Habein, H. C. : Amyloidosis: Report of a Case in Which the Patient 
Recovered, Proc. Staff Meet., Mayo Clin, 9:261, 1934. 

12. Rosenblatt, -M. B. : Recovery from Generalized Amyloidosis Secondary to 
Pulmonary Tuberculosis, Arch. Int. Med. 57:562 (March) 1936. 

13. Reimann, H. A.: Recovery from Amyloidosis, J. A. M A 104T070 
(March 30) 1935. ' 

14. Gardner, W., cited by Pearlman.io Kretzschmar, P. H., and Westbrook, 

B. P., cited by Pearlman.io Owen, I., cited by Pearlman.io Walker G F cited 
by Pearlman.io ’ ‘ ” 

15. Rosenblum, A. H., and Kirshbaum, J. D.: Multiple Myelomas with Tumor- 
Like Amyloidosis, J. A. M. A. 106:988 (March 21) 1936. 



432 


ARCHIVES OF INTERNAL MEDICINE 


the disorder with suppuration and the relative hopelessness of ultimate 
prognosis in a patient in whom the diagnosis of amyloid disease has 
been established, argues strongly in favor of a periodic check-up by 
means of the congo red test of persons in whom the control of sup- 
puration by the recognized conservative surgical methods has been 
imperfect. . It further suggests the more common employment of 
amputation and bone resection when conservative surgical means have 
not sufficed to bring chronic bone suppuration under control. The 
employment of these more radical measures within a few weeks or 
months of the establishment of a positive dye test in instances of single 
uncontrollable suppurative foci would be a life-saving measure. In 
retrospect, 1 of our patients likely would not have died had we been 
successful in obtaining permission to perform a hip joint disarticulation 
two years prior to the date on which it was finally performed. 

Serial and periodic examination by the congo red test of persons 
harboring a suppurative focus yields valuable data on the minimal 
time required after the onset of suppuration for enough amyloid to 
develop to give a positive congo red test. The authorities previously 
cited (Waldenstrom, Lipstein and Auerbach and Whitbeck) expressed 
the belief that one to two years are required after the onset of suppu- 
ration until ‘'amyloid disease develops.” The data on 9 of our patients 
are sufficient to fix within a span of a few months the accumulation of 
sufficient amyloid to give a positive dye test. This period from onset 
of suppuration (or arthritis in 2 patients with Still’s disease) was nine 
months for a 5 year old child, one and a half years for 2 patients, two 
years for 3 patients, four years for 2 patients and eight years for 1 patient. 
It is possible that age may be a factor of relative resistance to amyloid 
disease, but we do not have sufficient data either to prove or to disprove 
this contention. 

CONCLUSIONS 

1. The Congo red test is valuable as an aid in differential diagnosis 
of obscure swellings of the liver and the spleen. 

2. When the test is positive (rapid disappearance of the dye from 
the circulating blood plasma within a few minutes), a diagnosis of 
amyloidosis can be made. 

3. The test gives no clue to the distribution of the amyloid deposits 
in the body. 

4. Slight to moderate amounts of amyloid may be present, and the 
test will fail to reveal this fact (2 illustrative cases are reported). A 
negative test is not positive proof that amyloid is not present, but when 
taken in conjunction with other data it may point to that conclusion. 

5. The test is of no value in distinguishing between the stages of 
chronic glomerulonephritis or nephrosis or between these two states 
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and orthostatic albuminuria, although the dye is excreted in the urine 
in large quantities when albuminuria is present in the absence of 
amyloidosis. 

6. Methods of determining blood volume using congo red are 
invalid in the presence of amyloidosis or albuminuria from any cause. 

7. The Congo red test is valuable in following the course of patients 
with amyloid disease and is of some prognostic value. In recovery from 
this disease the positive dye test is the last sign to disappear, this 
occurring some months after disappearance of palpable organs, anemia 
and albuminuria. 

8. The minimum time for the accumulation of sufficient amyloid to 
give a positive dye test is nine months, and the average is one and 
one-half to two years. 

Robert Packer Hospital. 

6 North Michigan Boulevard. 
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In cases of chronic lymphogranuloinatous disease, particularly when 
the gross or the histologic lesions accessible for examination are not 
pathognostic of any one recognized entity, both clinical and histologic 
diagnoses may be confused. This is especially true in cases of Hodgkin’s 
disease when it is unusual in character. In some cases of atypical 
disease the diagnosis may be made because no other classification is 
possible in the light of present knowledge, and in others, as in the one 
reported here, it may be mistaken for other diseases. The final diag- 
nosis is often established at necropsy, when all available data are at hand. 

In the present case Hodgkin’s disease was suspected early in the 
course, but because of the unusual onset with the earliest and most 
prominent lesions in the skin and the absence of demonstrable enlarged 
lymph nodes and later because of the histologic changes in excised bits 
of tissue from 'the skin, lung, spleen and bone marrow, the possibility 
of chronic, relapsing, febrile, nonsuppurative panniculitis arose. This 
syndrome, also known as Weber-Christian disease, of which about 20 
cases have been recorded, seems to be almost as rare as cases of Hodg- 
kin’s disease in which the first specific lesions appear in the skin. It is 
of unknown causation; occurs mostly in women; is characterized by 
multiple inflammatory nodules in the panniculus adiposus, which heal 
with atrophy to leave depressions in the skin, and like Hodgkin’s dis- 
ease, is relapsing in type with prolonged irregular, intermittent fever. 
•In our case the condition conforms with this definition except for the 
visceral involvement, the occurrence in a man, the occasional ulceration 
of a cutaneous lesion and the fatal end. So far as the cutaneous lesions 
are concerned, it was indeed a case of panniculitis but with grave 
systemic involvement as well, all a part of the chronic granulomatous 
condition called Hodgkin’s disease. 

From the Department of Medicine and the Clinical Laboratory, Jefferson 
Medical College Hospital. _ _ , 

Presented at the meeting of the Association of American Physicians, Atlantic 
Citj% N. J., May 6, 1941, as a report of a possible case of relapsing, febrile, 
nodular panniculitis. 
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REPORT OF A CASE 

In March 1939 R. B., a machinist aged 45, tired more easily than usual. In 
April several “fiery red” spots which were about 5 mm. in diameter, itched and 
at times were painful enough to keep him awake at night appeared on the extensor 
surface of the right arm near the elbow. After several days the spots gradually 
faded and left pigmented areas. He continued to work but lost weight, strength 
and appetite. Three weeks later, similar but more numerous and less painful 
nodules appeared on the abdomen and chest. Most of these subsided after several 
weeks and left brownish spots. Some of them ulcerated and were covered with 
dark brown crusts. These healed slowly and left deep depressions, which slowly 
filled in until they were nearly level with the surrounding skin. In May he 
entered a hospital with jaundice, and pitting edema of the ankles, scrotum and skin 
up to the xiphoid process developed and lasted five weeks. During the next five 
weeks more spots developed on his legs, without itching or pain. There was a 
remittent fever, the highest temperatures reaching 39.5 C (103 F.) on several 
occasions but usually rising to 38.3 C. (101 F.). The inguinal and the axillary 
lymph nodes were noted as palpable at this time, but otherwise extensive study 
failed to reveal the cause or the nature of the patient’s illness until an excised 
lesion was examined histologically by a dermatologist, who suggested a diagnosis 
of panniculitis or Weber-Christian disease. 

Laboratory studies of the blood in June revealed 75 per cent hemoglobin, 
4,000,000 erythrocytes and 6,000 leukocytes per cubic millimeter and a sedimenta- 
tion rate of 10 mm. in one hour. A roentgenogram of the chest made in June 
showed increased density of the tracheobronchial shadows and broadening of the 
peripheral bronchi as well, suggestive of an infiltrative process. 

As too often happens in diseases of unknown origin, the patient’s tonsils were 
suspected as a cause and excised. Sulfapyridine (2-[paraaminobenzenesulfon- 
amido] -pyridine) was also given, without beneficial effect. 

The patient improved for a time at home but was still febrile. The cutaneous 
lesions subsided. Several weeks later he became worse with high fever and 
reentered the hospital on September 1. At this time the eruption on the skin 
reappeared in its most active stage (fig. 1). The spleen was now palpable, and 
a roentgenogram of the chest showed enlargement and intensification of the hilar 
shadows and bronchial markings extending to the lower lobe of the right lung 
resembling the changes seen in pulmonary Hodgkin’s disease. The hemoglobin 
concentration dropped to 65 per cent and the erythrocyte count to 3,000,000. The 
leukocytes numbered 1,200, of which 69 per cent were polymorphonuclear cells, 
20 per cent small lymphocytes and 11 per cent monocytes. The sedimentation 
rate was 34 mm. in one hour. The patient was then sent to us for further study. 

His complaints on entering Jefferson Medical College Hospital in September 
under our observation were sores on the skin, weakness, intermittent fever, head- 
ache and loss of 22.7 Kg. (50 pounds) of weight in seven months. 

Physical Examination . — Except for evidence of loss of weight the patient did 
not seem to be seriously sick. The epitrochlear, the axillary and the inguinal 
lymph nodes were palpable but not significantly enlarged. The heart and lungs 
were normal, but the spleen and liver were both enlarged, firm and palpable. 
There was a faint erythematous eruption about the eyelids and chin, and numerous 
reddish brown macules of varying shades about 1 to 2 cm. in diameter, mostly 
about the size of a dime, and some of them depressed occurred on the arms, 
back, buttocks, abdomen and legs. Several had ulcerated and were covered with 
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Fig. 1. — Cutaneous lesions at the height of the eruption in tlie sixth month 
after onset. Several nodules have ulcerated. Dr. R. P. Batchelor, Palmerton, 
Pa., permitted us to use this photograph. 



Fig. 2. — Roentgenogram made six months after onset. Note the rounded den 
sities in the lower halves of both pulmonary fields suggestive of metastatic 
neoplasms. The hilar area is broadened as if by enlarged mediastinal lymph nodes. 
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black crusts. One deep crust-covered ulcer 5 mm. in diameter was Present on 
the nasal septum. There was an area of brown pigmentation on the left side of 
the soft palate, but it was impossible to tell whe^er tins was the remains of a 
lesion. New lesions occasionally appeared as pea-sized, firm, sometimes brig t re , 
tender nodules. A few of the lesions persisted for several months and eventually 
became necrotic and dry and formed deep ulcers with sharp^ crater -like edges 
usually covered with a dark brown of black scab. Healed lesions usually left a 
yellowish brown discoloration occasionally, it was permanent and the lesions 
were slightly depressed or level with the surface of the skin, but usually they left 



Fig. 3. — Skin and subcutaneous tissue (X 37.5). Collections of mononuclear 
cells are present in the derma sand in the connective tissue, replacing the fat. 
The lesions deeper in the panniculus adiposus were much larger. The absence 
of epidermis in the upper left hand part of the section is an artefact. 

no trace at all. It was estimated that more than one half of the total area of 
skin of the ventral surface of the body and one quarter of that of the dorsal 
surface had been involved in several relapses since the disease began. The face 
e.\'cept for the erythema mentioned, the genitalia, the hands and the feet were free. 

There were no physical abnormalities in the chest, but a slight cough which 
started in July persisted for several weeks. A second roentgenogram made in 
September (fig. 2), two weeks after the first one, showed round densities in the 
lower halves of both pulmonary fields, suggestive of metastatic neoplasms, and 
multiple areas of radiolucency resembling areas of emphysema. The hilar shadows 
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were broadened, indicating enlargement of the mediastinal lymph nodes. Another 
roentgenogram of the chest made in October showed general clearing since Sep- 
tember, but several new opacities had developed. 

Laboratory Data. — Numerous examinations of the blood showed an average 
of 3,500,000 erythrocytes, 65 per cent hemoglobin and 2,400 to 4,500 leukocytes, 
of which the granulocytes usually composed about 80 per cent. The platelets 



Fig. 4. — Lesions composed chief!}'' of lymphocytes, plasma cells and mononuclear 
cells of the Reed-Sternberg type in the panniculus adiposus (X 335). 

averaged 190,000 per cubic millimeter. The sedimentation rate was 20 mm. in 
one hour. The urine was normal; blood cultures, cultures of the tissue remove 
at biops}^ and Wassermann and Kahn reactions gave negative results. The pro 
thrombin was 100 per cent of normal; the result of the direct van den Bergi 
reaction was positive and that of the quantitative reactions, 1.5 mg.; brorasulpha ein 
injected intravenously was removed from the blood; the urine gave a positive 
reaction for urobilinogen in a dilution of 1 to 40, and bile pigment was a sen 
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from the urine. The proteins of the blood measured 6.91 mg., of which 3.93 mg. 
was albumin and 2.98 mg. was globulin. Study of the cells from the bone marrow 
of the sternum showed hyperplasia of normal leukopoietic tissue. 

A new cutaneous lesion and an old one w'ere excised for study. There were 
no pathologic changes in the epidermis, but in the derma, in the connective tissue 
and to a greater extent in the subcutaneous fat patchy or nodular, nonspecific 
inflammatory lesions more or less granulomatous in character replaced the fat 
(fig. 3). In the derma the lesions collected around small blood vessels sebacious 
glands and sweat glands. In the subcutaneous tissue (fig. 4) the lesions were 
composed of fairly extensive, scattered, but not sharply delineated collections of 
cells, with edema and areas of necrosis. The cells were mostly lymphocytes, with 
a few plasma cells and rare polynuclear giant cells. The latter were not a con- 
spicuous part of the picture. No lipolytic macrophages were seen, nor were there 



Fig. S. — ^Roentgenogram made eight months after onset. As compared with 
figure 2, it shows a generalized increase in the pulmonary markings, with diffusely 
scattered flocculent or mottled densities in both pulmonary fields. The nodular 
densities have faded somewhat. 

thrombi or evidence of endarteritis in the small blood vessels in the involved areas. 
The chief difference between the young and the old lesions was the greater diffu- 
sion and the presence of a greater degree of necrosis in the latter. The lesions 
conformed generally with those described in cases of panniculitis.^ 

The patient was observed at intervals during the next nineteen months. He 
was weak and failed to regain weight. Isolated nodules appeared in the skin from 
time to time, coincident with periods of low fever. The spleen and the liver 
remained palpable and firm. Leukopenia (2,000 to 3,000 cells) and moderate 

I. Bailey, R. J.: Relapsing, Febrile Nodular Nonsuppurative Panniculitis 
(Weber-Christian Disease), J. A. }kl. A. 109:1419-1424 (Oct. 30) 1937, 
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secondary anemia persisted. Tissue taken from the sternal marrow in July 1940 
showed h 3 'perplasia and many mononucleated young megakaryocytes. There were 
occasional slight cough and a surprising absence of abnormal physical signs in 
spite of the ever changing massive nodular shadows revealed by roentgen exami- 
nation. These shadows waxed and waned independently of the dermal eruption. 
Roentgenograms made at intervals are shown in figures 5 and 6. 

In January 1941 a pulmonary nodule shown in figure 6 was aspirated. The 
histologic nature of the tissue was similar to that of the cutanedus lesions (fig. 4) 
and is shown in figure 7. Heavy exposure of the left lung to roentgen rays failed 
to cause any change in the size of the nodules. 

During the next few months the patient gradually failed; he died at his home 
in May 1941, about two years after the onset of his illness. 



Fig. 6. — Roentgenogram made nineteen months after onset. Large masses are 
apparent in both lungs. Tissue from the area in the left lung was aspirated for 
biopsy. 

Necropsy . — The lymph nodes of the neck, axillas and groin were not enlarged. 
There was a superficial cutaneous ulcer 6 by 4 cm. on the abdomen and three 
cutaneous nodules on the right knee. Both the ulcer and the nodules were similar 
to the ones already described. 

The serous cavities were normal except for a few adhesions in the right 
pleural cavity. The mediastinal IjTOph nodes were slightly enlarged, but the cut 
surfaces showed nothing unusual. The Ij'mph nodes in the mesentery, in the 
hilus of the liver and along the entire aorta measured up to 2 cm. in diameter. 
They were firm and matted together, and the cut surfaces were homogeneously 
pinkish gray gxcept in some nodes where there were necrosis and hemorrhage. 
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The lungs, kidneys and liver contained scattered tumors. Those in the lungs 
were situated immediately beneath the pleura and in the outer portions of the 
parenchyma. They were predominant in the lower lobes. In the kidneys they 
were situated in the cortices; in the liver they were diffuse. They were firm, 
gray and sharply circumscribed and measured up to 2 cm. in diameter. Some 
showed beginning necrosis and hemorrhagic extravasation. In addition, the liver 



Fig. 7. — Tissue obtained by aspiration of the pulmonary mdss shown in fig. 6 
(X 500). The lesion is composed mostly of fibrous tissue, with some edema, 
slight necrosis and inflammatory cells, chiefly lymphocytes, plasma cells and a 
few monocytes. An occasional eosinophil and rare giant cells are present. Some 
of the monocytes contain abundant cytoplasm which is lacelike and . vacuolated 
and seems to contain lipid material. The lesion resembles those in the skin 
(fig. 4). 

contained several large masses 4 and 5 cm. in diameter the central portion of 
which were completely necrotic. The spleen was firm, weighed approximately 
700 Gm. and on section was homogeneously dark red. 




442 


ARCHIVES OF INTERNAL MEDICINE 


Histologicall)’-, tlie l 3 'mph nodes showed lesions typical of Hodgkin’s lympho- 
granulomatosis. Their normal architecture was completely replaced with pleo- 
morphic cells. These consisted of plasma cells, lymphocytes and other mononuclear 
cells, a few polymorphonuclear leukocytes and many mononuclear and multinuclear 
giant cells of the Reed-Sternberg type. There were no eosinophils. There was 
present, in addition, a varied amount of necrosis and hemorrhage, but fibrosis was 
not marked. 

Necrosis with abscess formation was extensive in the lungs and in the liver 
and less so in the kidnej’s. A granulomatous process similar to that seen in the 
h'lnph nodes surrounded the necrotic areas. Giant cells, however, were sparse 
and were chieflj’- of the mononuclear variety. In the spleen the lymph follicles 
had almost disappeared. There were some generalized reticular fibrosis and a 
diffuse infiltration with pleomorphic cells. Reed-Sternberg giant cells, especially 
the multinucleated type, were numerous. There was no necrosis. 

Sections of the cutaneous nodules were essentially the same as those made at 
biopsj' and described previouslJ^ Outstanding features were the absence of eosino- 
phils and the paucity of Reed-Sternberg giant cells. The few that were present 
were almost entirelj' mononuclear, like those seen in many granulomatous diseases. 


COMMENT 

As mentioned in the clinical discussion, differential diagnosis was 
confused. Panniculitis, sarcoid disease, reticuloendothelial cytomycosis 
(histoplasmosis), toxoplasmosis and mycosis fungoides were considered. 
Although Hodgkin’s disease was early suspected, the histologic changes 
in the minute portions of tissue from the skin and lungs obtained for 
biopsy were not in themselves classic or pathognostic enough to con- 
firm the impression. According to Kierland and Montgomery,^ Reed- 
Sternberg cells may not be as typical in the skin as they are in the 
h'lnph nodes. Therefore, the diagnosis was established only at necropsy 
when the lesions in the skin and the lungs could be brought into rela- 
tion with the typical ones in the abdominal lymph nodes. 

Furthermore, lesions specific of Hodgkin’s disease in the skin are 
as rare as nonspecific ones are common, and cases in which the first 
manifestation of the disease appears in the skin are rarer still. The 
literature on the subject is summarized by Fox,® Shelmire,^ Miller,® 
Senear and Caro,® Kierland and Montgomer_y - and others. According 
to jMiller and to Senear and Caro, seA'eral examples of “primary” spe- 

2. Kierland, R. R., and Hontgomery, H.: Cutaneous Ulcerative Hodgkin’s 
Disease, Proc. Staff Meet, Mayo Clin. 16:124-128 (Feb. 19) 1941. 

3. Fox, H. : Lymphogranulomatosis of the Skin in Hodgkin’s Disease, Arch. 
Dermat & Syph. 2:578-593 (Oct.) 1920. 

4. Shelmire, B.: Hodgkin’s Disease of the Skin, South. M. J. 18:511-518 
(July) 1925. 

5. Miller, H. E. : Lj'mphogranulomatosis Cutis : Hodgkin’s Disease, Arch. 
Dermat & Syph. 17:156-179 (Feb.) 1928. 

6. Senear, F. E., and Caro, M. R. : Ulcerative Hodgkin’s Disease of the 
Skin, Arch. Dermat & Syph. 35:114-128 (Jan.) 1937. 
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cilic cutaneous Hodgkin’s disease have been reported, but on close 
scrutiny there is considerable doubt as to diagnosis in some cases and 
in others the histologic nature of the ' lesions in the skin was not 
described. Even in the cases reported by Miller “ and by Goeckerman 
and Montgomery " there was difficulty in differentiating the condition 
between mycosis fungoides, lymphosarcoma, leukemia and Hodgkin’s 
disease. The case described here is, therefore, one of the few in which 
specific lesions in the skin preceded other manifestations of Hodgkin’s 
disease. Two months elapsed before there was clinical evidence of 
visceral involvement, but whether in our case or in any case the disease 
can be regarded as strictly primary in skin is, of course, uncertain. 

SUMMARY 

A case of Hodgkin’s disease of two years’ duration is reported in 
which the first evidence of the disease appeared as specific lesions in the 
skin and fever. Eventually leukopenia, splenomegaly, hepatomegaly 
and pulmonary infiltration appeared. Abnormal swelling of the lymph 
nodes was never noted clinically, and at necropsy only the abdominal 
lymph nodes were involved. Relapsing, febrile, nodular panniculitis 
was suspected because of the unusual clinical course and dermatologic 
changes. Diagnosis was established at necropsy when the typical lesions 
of Hodgkin’s disease in the abdominal lymph nodes were associated with 
the histologic changes in the skin and in the lungs noted at biopsy. 

Jefferson Medical College Hospital. 

Jefferson Medical College Hospital. 

1926 Pine Street. 

7. Goeckerman, W. H., and Montgomery, H. : Cutaneous Lymphoblastoma: 
Report of Two Unusual Cases, Arch. Dermat. & Syph. 24:383-395 (Sept.) 1931. 
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REVIEW OF SOME OF THE RECENT LITERATURE 

BV DR. VAN DELLEN AND DR. SCUPHAM 

The present review of vascular diseases was compiled from the 
available literature accumulating between June 1, 1941 and June 1, 1942. 
A special effort was made to consider those articles which contributed 
new information, supplemented or confirmed present concepts or offered 
reasonable explanation of certain phenomena known to exist; This 
review should not be considered complete, as many deserving articles 
have undoubtedly been missed. Whenever possible, recognized omissions 
are usually corrected in a succeeding review. Articles on' the dicoumarin 
3,3Lmethylenebis-4-hydroxycoumarin were not included in this review. 
The}'’ will be considered next year along with many unpublished papers 
on this drug now known to exist. 

The Nomenclature Committee of the Section for the Study of the 
Peripheral Circulation of the American Heart Association ^ published 
a list of preferred and universal terms for designating diseases and 
abnormalities of the blood and lymph vessels of the extremities. Such a 
standardization of nomenclature is welcome but will undoubtedly be 
revised from time to time before a final listing will be acceptable to 
the majority of investigators in this field. 

A 461 page monograph was recently published by di Cio," of the 
University of Buenos Aires. It concerns mainly his experience with 

From tlie Department of Medicine, Nortlnvestern University Medical School; 
the Department of Surgery-, the Universit}' of Illinois College of Medicine, and the 
Circulatory Group, St. Luke’s Hospital. 

1. Nomenclature: Diseases and Abnormalities of Blood and Lymph Vessels 
of Extremities, Am. Heart J. 22:549 (Oct.) 1941. 

2. di Cio, A. V. : Enfermedades de las arterias perifericas, Buenos Aires, 
“El Ateneo,” 1941. 
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400 cases of peripheral vascular disease, including the pathologic aspects, 
the clinical course and the results of treatment. It also contains a 
detailed description of the technic used and the results obtained with 
the author’s new procedure for the injection of a carbon dioxide-oxygen 
mixture. The mixture is used in place of carbonic acid. 

PHYSIOLOGY 

Reviezvs . — An excellent review on the physiolog}’^ of the peripheral 
circulation is presented by Hertzman.^ A similar review by Hare and 
Hinsey ^ on the autonomic nervous system is recommended as being 
of value to those interested in this aspect of vascular diseases. 

Capillaries . — McLennan and his co-workers ° attempted to devise 
a new practical method for estimating blood pressure in the minute 
vessels of human beings during disease. This study was prompted by 
the many disadvantages of direct measurement of capillary blood pres- 
sure by means of a micropipette. A pressure plethysmograph is used, 
and the effect of graded external pressure on vascular volume is 
pleasured. Several pressure volume curves are thus obtained from 
which is computed not only the volume of blood but the pressure in 
the minute vessels of the forearm. 

Fulton and Lutz,® using a microelectrode, stimulated the minute 
nerves leading to small blood vessels in the retrolingual membrane of 
the frog. Various united vascular responses were noted, generally dila- 
tion followed by constriction. As stimulation of the small nerves in the 
field of the microscope produced responses which are confined to 
restricted vascular patterns the authors consider the plexus to be physi- 
ologically discontinuous and the concept of smooth muscle motor units 
in small blood vessels likely. 

Di Palma, Reynolds and Foster ' studied the reactive capability of 
the smallest blood vessels of the skin by producing local ischemia of suf- 
ficient duration to elicit a given degree of reactive hyperemia. For this 

3. Hertzman, A. B. : The Peripheral Circulation, in Luck, J. M., and Hall, 
V. E. : Annual Review of Physiology, Stanford University, Calif., Annual Reviews, 
Inc., 1942, vol. 4, p. 187. 

4. Hare, K., and Hinsey, J. C. : The Autonomic Nervous System, in Luck, 
J. V., and Hall, V. E. : Annual Review of Phj'siology, Stanford University, Calif., 
Annual Reviews, Inc., 1942, vol. 4, p. 407. 

5. lilcLennan, C. E.; McLennan, M. T., and Landis, E. M. : The Effect of 
External Pressure on the Vascular Volume of the Forearm, J. Clin Investigation 
21:319 (May) 1942. 

6. Fulton, G. P., and Lutz, B. R. ; Smooth ^luscle Motor-Units in Small 
Blood Vessels, Am. J. Phj'siol. 135:531 (Feb.) 1942. 

7. Di Palma, J. R.; Reynolds, S. R. IM., and Foster, F. L: Quantitative 
Measurements of Reactive Hyperemia in Human Skin : II. Individual and Seasonal 
Variations, Am. Heart J. 23:377 (3ilarch) 1942. 
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study, a series of three weights was applied to an area of skin an^ 
observations were made after release. Measurements were accurately 
calculated in seconds with a stop \vatch. The authors designated the 
stimulus time as the minimum period required to produce three areas of 
ischemia, uniform in color, size and sharpness. The clearing time was 
considered the time required for the resulting areas of reactive hyper- 
emia to disappear. Average values for normal subjects were obtained. 

The authors noted a seasonal A'^ariation in the clearing time, which 
lengthens in the fall, reaching a high level in December. During occlu- 
sion of the circulation for fiA'^e to fifteen minutes Avith a tourniquet the 
stimulus time is unaffected, but the areas fail to clear. After release 
the stimulus time is lengthened. This is explained on the assumption 
that a dilating substance is released during occlusion but cannot be 
brought into contact Avith the blood vessels unless the floAv of blood is 
reestablished. After releasing the tourniquet this substance in the 
smaller A’-essels is constantly being AA’ashed aAA’^ay, producing a deficit 
responsible for the local ischemia. Reflex or direct heat shortens the 
stimulus time, just as AA-armer Aveather does. 

The capillaries of 8 Avomen suffering from myxedema Avith typical' 
myxedematous heart disease Avere studied by Zondek, Michael and 
Kaatz.® In 7 Avomen the capillaries AA-ere markedly narroAved and greatly 
reduced in number, and in some instances only the loops Avere recogniz- 
able. On administration of thyroidin the capillary picture and circulation 
time gradually returned to normal. The authors are of the opinion 
that thyroidin is active in opening arteriovenous anastomoses coinci- 
dental Avith increased oxygen requirement. 

LeCompte ° studied the mechanism of the return of vascular tone 
in denerA'ated ear A^essels of rabbits and sympathectomized cats. His 
results supported the thesis of Grant, Avho stated the belief that the 
return of “tone” in sympathectomized blood A^essels is due to a return 
of reactiAut}" or a heightened responsiA'eness to humoral stimuli. 
LeCompte failed to find an}'^ eA'idence of a myogenic or intrinsic tone but 
is of the opinion that the return could best be explained as a response of 
the sensitized smooth muscle of the vessel AA'all to circulating vasocon- 
strictor substances. These substances Avere most likely epinephrine 
and sympathin. 

In his experiments he utilized as an index of vasoconstriction not 
only the diameter of the ear A’^essel but surface temperature. Moderate 
changes in body temperature had no affect on the denervated vessels, 
but excitement or struggle produced vasoconstriction. This change 

8. Zondek, H. ; Michael, M,, and Kaatz, A.: The Capillaries in Myxedema, 
Am. J. M. Sc. 202:435 (Sept.) 1941. 

9. LeCompte, P. M. : ObserA’ations on the Return of Vascular Tone After 
Sympathectom}% Am. J. Physiol. 135:43 (Dec.) 1941. 
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was also produced by epinephrine, but acetylcholine and pitressin were 
not effective. That circulating epinephrine was not entirely responsible 
was shown by the vasoconstriction produced by struggle in the syni- 
pathectomized cats, even though the adrenal glands were removed. In 
all of the experiments the sympathectomized animals were used promptly 
to avoid confusing results with those due to regeneration. 

Temperature Studies.— Ryndmsin and Wolkin^® studied the effects 
of heat, cold, epinephrine and pilocarpine on the cutaneous reactions 
of a series of patients who had had various operative procedures per- 
formed on the nervous system. Their studies concern three factors in 
heat regulation b}'’ the skin: sudomotor, vasomotor and pilomotor. An 
attempt was made to ascertain the governing systems, namely, (1) the 
end organ itself, (2) a reflex through the spinal cord and (3) central 
(hypothalamic) control. The results were obtained after the patients 
had been placed in a Burdick fever therapy cabinet, where obvious 
need for full dissipation of bod}'- heat occurred. The authors noted that 
the fingers and toes exhibit the greatest rise in temperature under these 
conditions. After unilateral sympathectomy the cutaneous temperatures 
of the fingers and toes are equal on the two sides after the heat treat-, 
ment. This occurs regardless of their previous difiference, provided 
these parts are contained in the heating cabinet. From this the authors 
concluded that the sympathectomized arteriole of the skin is capable of 
dilating as a result of the eft'ect of heat on the vessel itself. As flushing 
and sweating occur on the normal side but not on the sympathectomized 
side, the authors concluded that active dilatation of central origin is 
the most likely mechanism. These capillary dilator fibers probably 
course through the anterior roots of the thoracolumbar nerves and 
thence through the sympathetic ganglions. 

Similar studies were performed on these patients after placing them 
in a refrigerator.^^ The surface temperature was lowered bilaterally, 
but the sympathectomized side remained a few degrees warmer. That 
the temperature was lowered bilaterally indicates a local capilla'ry 
I'esponse to cold, but that the normal side was colder indicates a central 
response. Of interest was the evidence that pain incident to cold is 
markedly reduced by sympathectomy, which suggested to the authors 
that the vasodilatation usually incident to sympathectomy does not 
account for the altered sensation. 

10. Hyndman, O. R., and Wolkin, J,; The Autonomic Mechanism of Heat 
Conservation and Dissipation: I. Effects of Heating the Body; Evidence for the 
Existence of Capillary Dilator Nerves in Anterior Roots, Am. Heart J 22*289 
(Sept.) 1941. 

D. H 3 'ndman, O. R., and \Volkin, J. : The Autonomic Mechanism of Heat 
Conservation' and Dissipation: II. Effects of Cooling of the Body; a Comparison 
of Peripheral and Central Vasomotor Responses to Cold, Am Heart T 2"? *4^ 
(Jan.) 1942. 
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In both of these reports Hyndman and Wolkin expressed the belief 
that body temperature under average or ordinary conditions, so far 
as the skin is concerned, is maintained largely by responses of the vessels 
themselves to external stimuli. The central mechanism functions (a) 
as a governor over the peripheral mechanism, and hence manifests itself 
more strongly when the need is extreme, and {b) as a device for utilizing 
or integrating the entire cutaneous surface for conservation or dissipation 
of heat when only a part is subjected to a changing temperature. 

In a third communication H3mdman and Wolkin reported studies 
on the behavior of the sympathectomized sides of subjects exposed to 
heat, cold and certain types of pain. They observed a definite alteration 
of sensation after sympathectom3^ When the sympathectomized side 
was made objective^’’ cold 1^3'^ refrigeration, it was not unusual for a 
patient to tell the authors that it felt warm. When heat was applied, 
the side which had been operated on felt slightl3'^ cooler than the normal 
side. The tolerance for cold was greatty enhanced on the sympathectom- 
ized side, as the aching and stinging pain normally present on exposure 
to severe grades of cold was greatly diminished. 

Blood Flozv . — A critical review of the theory and technic of the 
pleth3'’smographic method of measuring blood flow was presented by 
Landowne and Katz.^® They believe that valuable information can be 
obtained by this method of stud3'^ if its limitations are appreciated and 
the results carefull3'’ interpreted. Its many errors are enumerated, 
but since they cannot be eliminated, certain necessary adjustments are 
suggested. A workable apparatus is described for stud3dng the volume 
of blood flow in the human foot and leg, employing the method of 
Brodie and Russell as used by Hewlett and van Zwaluwenburg. Values 
for resting and for maximal volume flows in normal subjects are 
determined. The authors believe that under certain circumstances the 
caliber of central vessels ma3'^ be tbe principal factor which determines 
the “maximal” volume of blood flow to a region. Their explanation is 
logical inasmuch as the flow to an3'’ region can be no greater than the 
cross section area of the A^essel leading to that part. It can then be 
assumed that A^ariations in maximal flow under diflferent circumstances 
may therefore mirror changes in S3'-stemic pressure (driving force), 
express changes in peripheral resistance in the smaller vessels or indi- 
cate alterations in central arterial caliber. Under these circumstances 
patients with h3^pertension should have a greater flow than normal 

12. HA'ndman, O. R., and Wolkin, J. : The Sympathetic Nervous Sj^stem : 
Influence on Sensibility to Heat and Cold to Certain Tj'pes of Pain, Arch. Neurol. 

& Psychiat. 46:1006 (Dec.) 1941. 

13. Landowne, AI., and Katz, L. N. : A Critique of the Plethysinographic 
Method of Aleasuring Blood Flow in the Extremities of Alan, Am. Heart J. 23: 
644 (Alay) 1942. 
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persons, providing the caliber of a vessel remained unchanged and 
peripheral resistance did not increase. This is precisely what Abramson 
and Fierst^^ noted. They calculated the rate of resting blood flow in 
a series of 70 hypertensive and 90 normal subjects. The venous occlu- 
sion plethysmograph used was of the same type as that employed in 
previous studies. In hypertensive patients the flow in the forearm and 
the leg was greater than that in the control group. Similar responses 
were not obtained in the hand, as the flow was much less in hyperten- 
sive patients. The author concluded that patients with hypertension 
did not have the generalized and uniformly increased peripheral resistance 
which was previousl}'’ thought to exist. They did not take into con- 
sideration the “driving force” of an increased blood pressure. 

Abramson and Fierst also studied the peripheral vascular responses 
to ingestion of a predominantly carbohydrate or protein meal. Blood 
flow was measured with the plethysmograph. The carbohydrate meal 
elicits no significant changes in the rate of peripheral blood flow in the 
hand, the forearm or the leg. On the other hand, there is a definite 
increase in the rate of oxygen consumption, in pulse rate and in pulse 
pressure. With the protein meal there is initially no change in the 
peripheral circulation, but later the rate of flow begins to increase, first 
in the hand and then in the forearm and the leg, usually remaining 
elevated until the end of the experiment. The changes in oxygen con- 
sumption, pulse rate and pulse pressure are similar to those observed 
with a carbohydrate meal, except that they are of greater magnitude. 

Abramson also studied the blood flow to different portions of 
the extremities following various peripheral vascular responses. The 
flow to the forearm and the leg is more constant than that to the hand. 
•This is explained by the knowledge that the hand not only contains 
arteriovenous shunts but is more sensitive to changes in the vasomotor 
center. This makes the hand less satisfactory than the forearm and the 
leg for studying the local effect of sudden changes in the systemic 
circulation. 

In association with Katzenstein and Ferris Abramson made certain 
observations on reactive hyperemia in various portions of the extremities. 
These authors noted that the estimation of the blood flow repayment 
after a minute of arterial occlusion is of much greater value than obtain- 

14. Abramson, D. I., and Fierst, S. iM.: Resting Blood Flow and Peripheral 
Vascular Responses in Hypertensive Subjects, .^.m. Heart J. 23:84 (Jan.) 1942. 

15. Abramson, D. I., and Fierst, S. M.: Peripheral Vascular Responses in 
Man During Digestion, Am. J. Physiol. 133:686 (July) 1941. 

16. Abramson, D. I.: Resting Blood Flow and Peripheral Vascular Responses 
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17. Abramson, D. I. ; Katzenstein, K. H., and Ferris, E. B., Jr. : Observations 
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ing a figure which represents the single maximum response to arterial 
occlusion (percentage of blood flow debt repaid). In the forearm and 
the leg, and under certain conditions, in the hand, the magnitude of 
repa3^ment was found to be directly proportional to the blood flow “debt” 
which was incurred. In contrast was the effect often noted in the hand, 
namely, that during the period of reactive hyperemia there was actually 
a reduction of blood flow to less than the control level. Direct application 
of heat would often produce a greater increase in blood flow to the 
hand than could be obtained by a period of arterial occlusion. The 
authors again considered this lack of uniform response of the forearm, the 
leg and the hand as indicative of the increased vessel tonus in the hand 
as compared with that of the forearm and the leg. 

Abramson, Schkloven and Katzenstein studied peripheral blood 
flow in a series of 29 schizophrenic patients, as well as in 23 other sub- 
jects with mental disease. In the majority of the pS3'chotic patients 
the flow was markedty or moderately diminished in the hand but either 
normal or increased in the forearm and the leg. Exposing an extremit3^ 
to local heat results in an increased flow in the hand which is equal to 
that obtained in normal subjects under the same conditions. The authors 
believe that their studies fail to demonstrate a lesion of the arterial 
tree at the periphery in the schizophrenic patients or in the other 
mentally ill patients studied. The reduced blood flow to the hand is 
again considered to be due to increased vascular tone, which could 
also explain the conflicting reports obtained in studies on the circulation 
time. 

Stewart and Evans studied peripheral blood flow in 6 patients in 
a m3^xedematous state. When the basal metabolic rate was low there was 
a definite decrease in blood flow,' but as th3U'oid was administered the 
flow definitely increased. The results of this study are directly opposite 
to those previously described for hyperthyroidism. 

Using the photoelectric pleth3^smograph, Hertzman was able to 
'demonstrate that the intermediate arteries of the hand, the dorsal meta- 
■carpal arteries and the digital arteries, do tiot participate in the vaso- 
constrictor reflexes of the hand. The latter reflexes were elicited chiefl3'^ 
b3’ loud noises, immersion of the opposite hand in ice water or the 
application of cold to the finger studied. Hertzman explained this 

18. Abramson, D. I. ; Schkloven, N., and Katzenstein, K. H. : Peripheral Blood 
Flow in Schizophrenia and Other Abnormal Mental States : Plethysmographic 
Study, Arch. Neurol. & Psychiat. 45:973 (June) 1941. 
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phenomenon by considering the vasomotor reflexes as highly selective 
with respect to the vascular topograph}’ involved in these reactions. 

Burch and his associates studied the spontaneous variations in 
volume of the tip of the right index finger, the tip of the right second 
toe and the posterosuperior portion of the right pinna on 12 normal white 
adults. Measurements were made with the plethysmograph, and all 
changes were considered to arise from intrinsic adjustments rather than 
as a result of stimuli deliberately applied. All of the parts studied 
undergo continuous variations in blood volume consisting of at least 
five separate rhythms. Two of these waves were simultaneous with the 
heart beat and with respiration, whereas the remaining three were 
simply designated as alpha, beta and gamma waves. 

The mean frequency of the alpha waves is 7.9 per minute in the 
finger tip, 7.7 in the toe tip and 8.6 in the pinna. The mean volume of 
the deflections was 14.5 cubic millimeters per 5 cc. of finger, 7.1 cubic 
.millimeters per 5 cc. of toe and 6.6 cubic millimeters per 5 cc. of pinna. 
The frequency of the beta deflections varied from 1 to 2 per minute and 
the size from 5 to 60 cubic millimeters per 5 cc. of tissue. The number of 
gamma deflections varied from 1 to 8 per hour and the volume from 
50 to 350 cubic millimeters per 5 cc. of tissue. 

The authors were unable to come to any definite conclusions as 
to the exact significance of these waves. Apparently they are related 
to functions of the autonomic and the central nervous system and also, 
probably passively, to the blood pressure. It was noted that in phlegmatic 
-and stable persons the alpha -waves were relatively small and varied 
little in size, whereas in excitable persons they were widespread in size 
and many were large. 

In a second communication"- a more, detailed study of the alpha 
-svaves obtained from the records of 5 resting male subjects shows that 
in a five minute period concordant variations in size of this wave, as 
well as of the pulse wave, are startlingly low in the finger tips, while 
the percentage in the toe tips agrees in general with the previous 
estimates. 

In a third article"® the same authors studied the five types of 
rhythmic spontaneous variations in senile and in hypertensive patients. 

21. Btirch, G. E. ; Cohn, A. E., and Neumann, C. : A Stud}' by Quantitative 
Methods of the Spontaneous Variations in Volume of the Finger Tip, Toe Tip, 
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The waves were noted to be about the same as in normal subjects 
with the exception of the volume of the pulse waves to the toes, which 
was smaller. The latter observation was probably due to arteriosclerotic 
changes. The alpha waves were of interest. In the hypertensive sub- 
jects they resembled the waves observed in emotionally unstable and 
excitable normal adults, whereas the alpha waves of the senile subjects 
resembled those of stable subjects. Whether this is due to a sluggish 
psychosomatic state so well known in senile persons and also whether 
persons who are emotionally stable and not easily excitable live longer 
is a problem which was not studied. 

Dauber, W einberg and Landowne studied the effect on pulse rate 
of appl 3 dng and releasing occluding cuffs on the lower extremities in 27 
normal subjects and 4 patients with thromboangiitis obliterans. Fifty- 
seven tests, each involving two or more occlusions, were performed with 
the subject in a horizontal position. Pulse rates were measured from 
electrocardiographic records. A rapid interruption of the arterial inflow 
■was effected by connecting the wide cuffs, which were placed around the 
proximal thigh, to a tank of over 200 mm. Hg pressure. The immediate 
return of flow was assured by disconnecting the pressure tank and 
opening the cuff tube. 

In about one half of the subjects application of the occluding pres- 
sure was followed by a slowing in pulse rate of 4 to 20 beats per minute 
(average 9), developing one to three seconds after occlusion and lasting 
five to sixteen seconds. During occlusion significant changes in pulse 
rate did not occur. On release of the occluding pressure a pulse accelera- 
tion of 15 to 30 beats per minute was noted in 97 per cent of the subjects, 
lasting one-sixth to three minutes. This acceleration commenced one 
to three seconds after release, reaching its maximum in four to five 
seconds. The extent and the duration of the pulse acceleration varied 
directly with the length of prior occlusion. No rise in pulse occurred 
on release of arterial occlusion in the 4 patients with thromboangiitis 
obliterans. 

A fall in arterial blood pressure was observed to follow release 
of the arterial occlusion, and in 7 subjects studied by direct needle 
puncture of the brachial arter}'- with a Hamilton manometer, the fall 
was observed to be instantaneous and the pulse contour changed as 
expected with a lowering of peripheral resistance. The blood pressure 
dropped from 12 to 35 mm. systolic and from 14 to 27 mm. diastolic. 
An instantaneous, transient rise in blood pressure occurred on induction 
of occlusion in the 5 subjects studied with the same technic. 

It is concluded from the time at which the change in blood pressure 
and in pulse rate occurred that the pulse acceleration on release of 

24. Dauber, D. V. ; Weinberg, H., and Landowne, M. : Effect on Pulse Rate 
of Peripheral Arterial Occlusion and Release, Am. J. Physiol. 133:256 (June) 1941. 
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peripheral arterial occlusion is a reflex response to the drop in blood 
pressure and that the latter results from the lowering of the peripheral 
resistance by reopening the leg vascular channels. The failure of similar 
pulse acceleration to develop in patients with narrowing of the periph- 
eral vessels would favor this interpretation. 

Baldes and his co-workers reported on their ten years’ experience 
with blood flow in trained dogs under various conditions. Some of their 
work has been published previously but is worthy of repetition. Blood 
flow was measured with the thermostromuhr method of Rien but with 
a direct-current heater substituted for the conventional diathermy plates. 
Technically, they were able to measure blood flow wdth an error of no 
more than 10 per cent when the flow was not turbulent. In most of 
the experiments, the units were applied with the dogs under anesthesia 
and the studies performed for an indefinite time after recovery from the 
operation. 

In general the flow of blood in a given vessel is directly propor- 
tional to the average blood pressure and inversely proportional to 
peripheral resistance. The Afelocit}'’ of blood flow is difficult to correlate 
with volume flow unless the size of the cross section of the blood vessel 
can be ascertained. The authors noted that if the area of cross section 
is reduced to 11 per cent, the blood flow will still remain more than- 
one half of what it originally was. Rh}dhniic variations in blood flow 
were noted in many of the records, and it was concluded that the}^ were 
due to rhythmic variations in the vascular bed, usually independent of 
blood pressure and respiration, and aggravated by a sudden noise or an 
intravenous injection of epinephrine. Exercise or the ingestion of a 
meal causes a marked increase in peripheral blood flow. Ether anesthesia 
increases the blood flow, and consequently results of studies made on 
subjects anesthetized with ether are often misleading. The flow is 
definitely increased after sympathectomy as well as during experimental 
thyrotoxicosis. Traumatic shock resulting from the manipulation of 
the intestines is followed by a definite decrease in flow. Pitressin given 
intravenously reduces blood flow markedly, but epinephrine produces 
variable results. It was the hope of the authors that these data will 
serve to emphasize the fact that blood flow to an extremity is influenced 
by many factors, any one of which, if altered, may profoundly affect the 
flow of blood to that region. 

The effect of posture on blood flow in the lower extremities has 
been studied by a number of investigators, with little agreement as to 
results. Recently, Mayerson reported the results of sixty experiments 

25. Baldes, E. J.; Herrick, J. F.; Essex, H. E., and Mann, F. C.: Studies on 
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on 20 dogs, using the thermostromuhr to measure blood flow. These 
animals were anesthetized and tilted to the upright position with feet 
down. A consistent and marked decrease in the rate of blood flow was 
noted in the femoral vein and the femoral artery and a less pronounced 
fall in the carotid artery and the jugular vein. The author believes that 
the results provided direct evidence that as a result of compensatory 
orthostatic vasoconstriction there is a slowing of the volume flow to the 
subcardial regions, with a decrease in renal, gastric and intestinal 
activity. The decrease in flow on the arterial side is accompanied by a 
similar decrease in venous return due to pooling and stagnation in the 
capillaries and veins. The latter decrease is particularly marked if 
the upright position is maintained for more than relatively short inter- 
A^als in the absence of adequate vasomotor and muscular tone. 

Diagnostic Tests . — An excellent discussion of the value of the various 
diagnostic tests used in eA'^aluating circulatory .disorders was presented 
b}’^ Montgomery, Naide and Freeman.-" Their study was based on the 
examination of 1,027 patients, of whom 75 per cent were found to have 
peripheral vascular disease. The technic and clinical significance of 
each test are discussed separately. Although history and physical exam- 
ination are considered most essential, diagnostic tests give information on 
the degree of obstruction and formation of collateral circulation. In all 
cases of peripheral vascular disease either damage or repair may become 
dominant. Collateral circulation means functional repair. Vasodilating 
tests, the histamine test and reacth'e hyperemia tests are tests of function, 
and when past vascular damage is estimated by oscillometry, arteri- 
ography or palpation of pulses, these tests help to estimate the extent 
of collateral circulation. In many cases superimposed abnormal vaso- 
constriction unfortunatel}'^ confuses the picture. The authors concluded 
that only by evaluating the circulation from the standpoint of past dam- 
age, its extent and location, repair, functional capacity and superimposed 
A^asomotor tone, can the clinical status of each individual patient be 
entirely appreciated. Unfortunately, space does not permit a more 
detailed reAueAV of this entire article, but it is recommended to all persons 
interested in the significance and interpretation of the results obtained 
from these special tests. 

The A’^asodilating tests for the relief of vessel spasm A\^ere also studied 
b}’’ Gootnick, Saland, Klein and ZurroAV.-® They compared the value 
of (1) the thermal reflex A^asodilating test, (2) the sodium nitrite test 

27. klontgomery, H. ; Naide, M., and Freeman, N. E. : The Significance of 
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and (3) the peripheral ner\'e block. Sodium nitrite injected intra- 
venously and the hot water bath were found useful as preliminary tests 
for vasospasm. The thermal test is better suited for most patients, but 
the nitrite test is more dependable for patients who give the clinical 
impression of nonorganic vasospastic involvement. If either of these 
tests fails to give a normal response, then the nerve block is routinely 
used. The last-named test usually gives the most reliable information, 
and in many clinics throughout the country it is frequently used routinely. 

Lange and Boyd found fluorescein to be a satisfactory substance 
for determining circulation time and equally useful in establishing the 
presence and adequacy of local circulation. When injected intravenously 
it is nontoxic, and it is devoid of untoward effects when used in large 
doses. Its presence in the tissues can be easily determined by its 
fluorescence under ultraviolet light. In occlusive vascular diseases its 
presence or absence in the tissue is indicative of the blood supply to 
a given area. This is particularly valuable in ascertaining the level 
of occlusion. In regard to circulation time its value rests mainly on 
the fact that its use is an objective test devoid of the defects of other 
procedures. It is also of value in determining the circulation time in all 
types of experimental animal. 

The authors report on the circulation times obtained on 256 subjects 
by injecting 2 to 4 cc. of the dye into an antecubital vein and watching 
for its appearance in the lips, tongue, gums or eyelids. These areas 
suddenly acquire a greenish yellow appearance under a mercury vapor 
lamp. The end point is sharply defined. The average circulation time in 
normal adults is seventeen and one-tenth seconds, in patients with 
cardiac failure thirty-nine seconds, in patients with hyperthyroidism 
ten and six-tenths seconds and in patients with hypothyroidism twenty- 
six seconds. These averages compare favorably with those obtained by 
established methods. The reviewer has had no experience with this 
substance, but these results of its use are worthy of consideration. 

The application of direct heat to any ischemic limb is not without 
danger, as it frequently increases pain and accelerates gangrene. De 
Takals and Miller recently demonstrated with the plethysmograph 
that as much increase of blood flow can be obtained by applying indirect 
heat as by applying a heat cradle directly. This alleviates all of the 
dangers associated with direct heat and still produces the desired effect. 
The authors performed all of their studies on patients with different 
grades of arteriosclerosis, which is wise, inasmuch as this group is 
most frequently subjected to this form of therapy. A heat cradle of 

29. Lange, K., and Boyd, L. J.: The Use of Fluorescein to Determine the 
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ample size was applied to the root of the affected limb and the abdomen 
proximal to the level of impaired circulation. Used in this manner it 
was found to be safe and effective. 

Bennett, Hines and Krusen applied short wai^e diathermy to the 
trunk of the human body and found it safe and efficient as a means of 
producing peripheral vasodilatation of the lower extremities. They 
advocate its use in the management and study of peripheral vascular 
disease. Although no data were given as to therapeutic results, the 
authors noted that the increased oral and cutaneous temperatures were 
not maintained for longer than thirty minutes after the cessation of 
diathermy. By proper insulation the}'^ believed the elevated temperatures 
could be maintained for several hours or longer. The use of this 
apparatus to induce reflex vasodilatation was compared with other 
methods now commonl)^ used. Ten such studies were carried out ; in 
eight of these diatherm)'^ succeeded in producing the desired effect, and 
in two it was obtained more quickly than with other methods of 
warming. 

A^arious methods of applying diathermy were tried. The authors 
found the use of an electromagnetic cable in a pancake formation under 
the lumbosacral region to be the simplest and the most comfortable 
method of application. It is needless to say that this form of treatment 
must be given only under careful medical supervision. 

Brown and Allen introduced a new heating unit to produce reflex 
vasodilatation. It is tentatively called a “heating sleeve” or “heating 
boot” because of its appearance. It consists mainly of fine copper wire 
woven into a fireproof cloth, which is incorporated into a waterproof and 
washable cover. A transformer reduces the voltage to 10; a fuse 
protects against short circuits, and a thermostat included in the unit 
prevents the temperature from increasing to more than 43 C. The usual 
methods for testing its value in producing reflex vasodilatation were 
employed. When applied to one extremity the temperature of the skin 
of the digits of all the other extremities increases in most instances. The 
volume flow of blood of the opposite extremities also increases. Clinically, 
the apparatus is of A’^alue Avhenever controlled heat is indicated. 

Effect of Drugs . — ^Abell and Page used the moat chamber in 
normal rabbit ears to study the reaction of blood vessels to pressor agents. 
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Both renin and angiotonin in small doses cause constriction of the 
arterioles. Capillaries appear unafifected, while venules exhibit slight 
constriction or none at all with small doses and moderate constriction 
with large doses. The flow of blood through the tissues is not reduced 
except when large doses are administered. Parahydroxyphenyleth}damine 
and methylguanidine sulfate in isopressor amounts act somewhat sim- 
ilarly. Isopressor amounts of epinephrine and pitressin, by contrast, 
elicit severe vasoconstriction of arterioles lasting longer than that due 
to angiotonin, but the flow of blood is sharply reduced or abolished 
altogether. The degree of venular constriction is also greater, while the 
capillaries remain unafifected. The vasoconstrictor action of angiotonin 
on the peripheral vessels, studied by this method, is indistinguishable 
from that of renin, except that it is more rapid. Abell and Page thus 
concluded that angiotonin is a substance capable of producing hyper- 
tension in that it is able to elevate arterial pressure by constricting the 
arterioles sufficiently to increase peripheral resistance but not sufficiently 
to reduce blood flow. 

Krueger and his associates repeated some of the older experiments 
on the effect of endocrine substances on gangrene produced by ergotamine 
tartrate in the tails of adult male aiid female albino rats. They found that 
the administration of testosterone propionate or estradiol benzoate does 
not influence the incidence, extent or rapidity of development of the 
gangrene in these animals. 

According to Schwartz and his co-workers, deproteinated pancreatic 
extract is relatively nontoxic when injected intravenously into rabbits. 
In most of the experiments massive doses were employed. The authors 
believe that the extract could probably be injected safely into human 
beings but suggest additional experimental work before its use is 
attempted. 

Seldon, Lundy and Essex studied the beliavior of the minute blood 
vessels in the ears of rabbits under the influence of v^arious anesthetic 
agents. Measurements were made through the Clark window. Simul- 
taneous readings of the systolic blood pressure were also taken. Pen- 
tothal sodium lowered the blood pressure and dilated the arterioles and 
capillaries. Nitrous oxide had just the opposite effect. Cyclopropane 
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and oxygen caused an increase in blood pressure and a decrease in the 
diameter of the arterioles, but the diameter of the capillaries was 
increased. When a mixture of ethylene and ox 3 '^gen was used, a slight 
increase in the systolic blood pressure and a decrease in the diameter 
both of the arterioles and of the capillaries occurred. Blood circulated 
through the arterioles with apparently greater velocity during anesthesia 
with such a mixture than it did during a control period. Ether admin- 
istered by the drop method increased the blood pressure and decreased 
the diameter of the arterioles, with an apparent increase in the velocity 
of the blood stream. The size of the capillaries was also decreased with 
a decrease in the velocity of the blood stream. The effect of ether is 
therefore somewhat similar to that of ethylene. The authors believe 
that the results of these experiments are in keeping with the oozing 
of blood during anesthesia, with special reference to pentothal sodium 
anesthesia. 

Holman and Hewitt substituted mercuric chloride for uranium 
nitrate and found that the former substance was also capable of pro- 
ducing necrotizing arterial lesions in dogs. In 1 of the 2 dogs studied 
an aneurysm developed at the site of one of these lesions. 

Hoagland ■''® demonstrated with the plethysmograph that the blood 
vessels of the hindlimb in cats are sensitized to intravenously injected 
acetjdcholine after sympathectomy. After the administration of this 
drug a marked increase in the blood flow occurred far in excess of 
the control readings. This was not noted in acute experiments but 
could be elicited after the fifteenth day following operation. The 
author emphasizes the necessit}^ of utmost care in doing sympath- 
ectomies in cats. 

VASOSPASTIC DISORDERS 

Leary and Allen reported 4 cases of intermittent claudication 
apparently resulting from spasm induced by walking. In all of these 
cases the pulsations in the arteries diminished or disappeared on walk- 
ing. In 2 cases the patients had aneur 3 '^sms of the abdominal aorta, 
whereas in the other 2 the patients had chronic venous insufficiency 
as a result of previous thrombophlebitis. In no instance could an 3 '' 
correlation between the associated pathologic condition and vessel 
spasm be demonstrated. The authors concluded that spasm must be 
considered the logical cause of claudication in all patients showing no 
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evidence of occlusive vascular disease and having paradoxic reactions 
in the arteries elicited by exercise. If these conditions are not noted 
one must consider a localized obliteration of the smaller arteries in the 
involved musculature as the likely cause. 

In keeping with this vein of thought is the work of Freeman and 
^Montgomery on the treatment of intermittent claudication by lumbar 
sympathectomy. In this study, which is also mentioned in the surgical 
review, the authors measured the severity of intermittent claudication 
in 12 patients with obliterative vascular disease of the lower extrem- 
ities, both before and after blocking the lumbar sympathetic ganglions 
with procaine hydrochloride. All but 1 of the patients selected for this 
study presented evidence of abnormal vasoconstriction. The results 
of this study showed that 7 of the patients demonstrated improvement 
in their ability to walk, in 3 of them there was subjective improvement 
and in the remaining 2 no improvement was noted. These results 
were not adequately explained, and man}'’ theories were postulated. 

The circulatory status of 8 patients with peripheral neuritis due 
to dietary deficiency was studied by Wilkins and Kolb.'^^ Two addi- 
tional patients with neuritis due to other causes were also included. Once 
full reflex vasodilatation was acquired, changes in cutaneous temper- 
atures and blood flow were noted after the application of the various 
stimuli known to induce vasoconstriction in the digits. The results 
showed a decrease in the vasomotor tonus of the feet, resembling that 
occurring after incomplete .sympathectomy. A delayed response to 
vasoconstrictor stimuli was also encountered in the toes of some of the 
patients. There was no rigid relation between the degree of vasomotor 
disturbances and the loss of sensation of muscular power. Definite 
improvement in the vasomotor disturbance usually occurs within two 
weeks of treatment. A complete return to normal vasomotor function 
usually requires a longer time. 

Mulvey and Riely describe the occurrence in a family group of 
an interesting syndrome known as status dysraphicus. It is a familial 
disorder in which the afflicted persons present a variety of degenerative 
constitutional signs consisting of vasospastic disorders in the extrem- 
ities, disturbance of sensation in the lower limbs and feet and in a few 
members similar disturbances in the hands. Anomalies and slow- 
healing ulcers of the feet were also occasionally noted. It is difficult 
to distinguish from familial syringomyelia. 
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EFFECT OF COLD 

In a series of three communications Lewis describes his obser- 
vations on the effects of cold on the skin and underlying tissues. 
Cold usually affects normal skin in two distinct ways. It may damage 
it by direct action, or it may cause it to freeze. The author stresses 
the distinction between these two effects, as they are commonly described 
together under the term frostbite. Normal skin can be injured by a 
reduction of its temperature without the intervention of mechanical 
injury to the cells. On exposure a local vasodilator substance is 
released. The resultant reaction is similar to the simplest forms of 
inflammation, characterized by heat, redness and swelling. The swell- 
ing may amount to as much as 15 per cent increase in volume, grad- 
ually subsiding in a few hours. Local pain and tenderness are not 
uncommon. The vasodilating substance is apparently related to the 
H substance. These are usually acute reactions and relatively transient. 
Cold allergy is probably related to this group. 

The second type of reaction is neither transient nor simple. It 
includes “chilblains,” “erythrocyanosis” (pernio) and “trench foot.” 
All three of these conditions are separately considered but can be 
regarded as different manifestations of the same process, as all result 
from the prolonged action of cold. They have a great deal in common. 
In the early stages there is itching or tenderness, leading to coldness 
and vascular discoloration and proceeding to swelling, blistering and 
ulceration. Indolence of the lesions and slowness of healing are com- 
mon. Their chief distinction lies in their location. Chilblains are 
found on the hands or other parts undergoing profound exposure. If 
the legs are involved, the lesions usually appear on the dorsum, espe- 
ciall)' in women who wear low shoes. Erythroc 3 '^anosis (pernio) is 
common in women and usually develops on the legs ; it has been more 
prevalent since short skirts have been in vogue. In trench foot only 
the foot is involved after exposure to wet and cold. In the last-named 
condition freezing weather is not as important an etiologic agent as 
ordinary coldness with dampness or tight-fitting wearing apparel about 
the limbs. In all cases multiple exposures are almost as important a 
causative factor as prolonged exposure. Once an}'^ of these conditions 
has developed, recurrence is usual after exposure to cold of similar or 
even less severity. 

Lewis also discusses the actual freezing of skin under the title of 
frostbite. This is readily produced by bringing the skin into contact 
with cold metal or by allowing a jet of cold air to impinge on it. The 
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freezing point of skin is determined as being between 0 C. and — 2 C. 
Since the skin has the property of supercooling, the actual temper- 
ature necessary for freezing is much less. Frostbite occurs only when 
the air is drv and when the ground is snow clad or frozen. ^Vind 
favors its occurrence. The nose and ears are usually involved, whereas 
the feet are relatively free, since they are more commonly protected 
The longer the exposure the more damage results. The end result of 
severe freezing, where there is deep penetration of the tissues, is nec- 
rosis. In the treatment of frostbite the well known gradual thawing is 
recommended. The object of this method is to restore the blood flow 
and warmth gradually and thus avoid vascular and accompan 5 dng reac- 
tions. 

Greene recently noted that the present war has produced two new 
disorders: immersion foot and shelter foot. The latter was described 
in last year’s review under the term shelter legs. The former is related 
to frostbite and to trench foot. Its causes are the same, namely, cold, 
heat after cold, dampness, venous stagnation, wind, anoxia, nutritional 
deficiency and trauma. As in trench foot, dampness associated with 
cold and venous stagnation are probably the most important factors 
in the production of immersion foot. The treatment is similar to that 
for frostbite and needs no repetition. We find little difference between 
frostbite, immersion foot and trench foot except in the predisposing 
causes. 

Careful pathologic studies have recently been reported to show 
that pernio and livedo reticularis are vascular diseases. Although the 
clinical pictures of these two diseases are different, there is a similarity 
of the pathologic changes in the arterioles of the skin. Each will be 
considered separately. 

Pernio . — McGovern and Wright describe the clinical picture 
and results of biopsy in 4 cases of pernio. In all of these cases lowered 
environmental temperatures resulted in extensive vascular changes in 
the smaller vessels of the skin, causing anoxemia of the supplied tissue, 
necrosis and ulceration. In some cases definite scleroderma-like 
changes ultimately develop. Characteristically, exacerbations of this 
condition occur in the fall and winter and regression takes place in 
the summer. In cases of long-standing disease complete recovery may 
not occur in the summer. Although this condition was considered a 
tuberculous lesion in the past, no evidence of this disease is found either 
clinically or roentgenologically. Giant cells were demonstrated in the 
pathologic sections but were considered to represent a chronic irritative 
process. 
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The authors suggested the following tentative criteria for diagnosis 
of pernio : 

1. It ma}' occur in both sexes, predominantly in females. 

2. It usually commences in adolescence or early adulthood. 

3. It is associated with cool or cold weather and may show spontaneous recovery 
in warm weather. 

4. The lesions have a predilection for exposed areas, particular!}' the lower third 
of the leg, around the internal malleolus and calf. They may extend down to the 
dorsum of the foot and toes, and up the legs to below the knees. 

5. The clinical course of these lesions maj' be characterized briefly as (a) the 
formation of a reddened area which later becomes elevated, hard, and ver}' painful; 
(b) this becomes violaceous and fluctuating; (c) it opens, producing an ulcer; (d) 
this oozes, drains, and heals, becoming less painful; (e) a violaceous scar remains; 
and (f) the following winter ulceration tends to recur in the same area. 

6. There is a definite pathologic picture. Most characteristic is, first, an angiitis 
of the smaller vessels; secondlj', necrosis of the fat; and, thirdlj', the presence of 
giant cells. 

No specific treatment of pernio is known. The authors obtained 
the best results by triweekl)' treatments with acet 3 d-beta-methylcholine 
chloride by iontophoresis and by protecting the legs from undue 
exposure with proper clothing. Living in a warm climate should be 
beneficial. 

Barker, Hines and Craig reported on a series of 13 cases of 
livedo reticularis. This circulatory disorder is characterized by a 
mottled, blotchy or reticular bluish discoloration of the skin which 
varies from deep blue when the patient is exposed to a cold environ- 
ment to red or reddish-purple when he is in a warm environment. 
There is usually subjective, as well as objective, coldness of the skin. 
In mild forms the condition is present only during exposure to cold, 
whereas, in the more severe forms the color persists and is relatively 
unchanged by environmental temperature. The clinical manifestations 
dififer distinctly from those of Raynaud’s disease, acrocyanosis and 
thromboangiitis obliterans. These patients have no evidence of tuber- 
culosis or syphilis, and the circulatory disturbance develops during 
adult life. The causation is not known. 

Pathologic studies revealed organic changes in the arterioles of the 
skin, which, with chronic vasospasm, result in regional atony and 
dilatation of capillaries and slowing of the blood flow. The condition 
may be complicated by ulceration of the legs and superficial gangrene 
of the toes. In 2 cases the patients responded well to lumbar sympa- 
thetic ganglionectomy. 

Raynaiidls Disease . — ^The capillary response in 29 cases of Ra)'- 
naud’s disease was studied Iw Deutsch,'*' before and after sympath- 
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ectoniy. All of the measurements were made under a capillaroscope 
which was equipped for calibration and photography. In addition 
to the routine observations, the flow in the capillaries was studied 
after occluding the arterial and the venous flow by the use of a blood 
pressure cuff quickly pumped up to 30 mm. above S 3 ^stolic blood pres- 
sure. The term reflux time was introduced as the time which elapses 
before capillary flow ceases, whereas the- term critical capillary pres- 
sure was used to denote that pressure at which the flow once again 
reappears when the cuff in the foregoing experiment is gradually decom- 
pressed at the rate of 10 mm. per two seconds. 

On the basis of his studies the author believes that the capillary 
changes in Raynaud’s disease are an earlier manifestation of the dis- 
ease than the clinical S)anptoms. He was also able to define the severity 
of the disease more accuratel)'’ b}^ this method than by studying the gross 
clinical findings. In the majorit}^ of cases of Raynaud’s disease he 
noted a persistence of the subpapillary plexus and a persistent connec- 
tion between it and the outgrowing capillaries. 

Preganglionic sympathectoni}’- has a distinct influence on the capil- 
lary picture of Raynaud’s disease. In 12 cases the speed of the blood 
flow increased. In 10 of 15 cases the width of the capillaries decreased. 
The author suggests that these changes explain the previously men- 
tioned postoperative pallor and higher temperature of the hand following 
the surgical procedure. Other changes following operative interven- 
tion are as follows : In cases with a slow reflux time, the time increased, 
and vice versa; the capillary permeability decreased, and the excretory 
ducts of the sweat glands failed to dilate. As a rule all of these changes 
became less distinct as time went on. The subjective symptoms of the 
patient are to some extent independent of this clinical picture, as in 
some cases the patients were relieved of their complaints but no changes 
were noted in the capillaries. 

H^mdman and Wolkin had the opportunity of studying 3 patients 
with Raynaud’s disease while doing their research on the mechanism 
of heat conservation and dissipation already reviewed in the section on 
physiolog}^ Temperature studies were made on these patients after 
submitting them to the heating aiad to refrigeration. All had previously 
had sympathectomies on one side only. The results are not unlike those 
previously reviewed. The authors are of the opinion that the evidence 
obtained is greatly in favor of the conclusion that the disease is primarily 
a vascular and not a sympathetic disorder. Sympathectomy is beneficial 
objectively because it eliminates the vasomotor influence, which is 
normal in any given case. It is beneficial subjectively because it 
abolishes the aching and stinging pain of vasoconstriction. After sympa- 
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thectoniy the hands still retain the local disorder objectively, as cold 
continues to cause color changes. This was further substantiated by the 
observation that when a nude subject is placed in a refrigerator and 
kept long enough to cause a fall in central temperature and at the same 
time one of his hands is kept at room temperature, the hand does not 
show evidence of vascular spasm, either subjectively or objectively, 
even though the exposed hand reacts severely. 

Altschule and his associates noted that the lung volume and pul- 
monary dynamics did not change in 3 patients with Raynaud’s disease on 
exposure to cold. Of the 3 patients studied, 1 had evidence of diffuse 
pulmonary fibrosis with a striking decrease in pulmonar}^ dynamics 
under ordinary conditions whereas the other 2 had no evidence of a 
pathologic condition in the lungs. The authors believe that their findings 
indicated that the blood vessels of the lungs do not react in a manner 
similar to those of the hands and feet. These findings were further 
substantiated by the observation that the circulation time through the 
lungs did not change on exposure to cold. 

ARTERIOSCLEROSIS 

An excellent review on the concept of the chemical changes occurring 
in atheromatosis was recently presented by Page.®® In this article the 
author attempts to answer most of the most pertinent questions on 
the subject. Leary also presented an extensive review on the genesis 
of atherosclerosis. To review either of these with their many considera- 
tions and pathologic studies is not feasible. Leary’s summary is worthy 
of repetition for in it he presents the following evidence; 

That atherosclerosis in man and in the experimental rabbit is due to the presence 
of excess cholesterol esters within phagocytic cells, which first appear in the intima 
of the arterial wall. 

That cholesterol is ester ified in the liver as directly observed in the experimental 
rabbit. 

That cholesterol when fed in excess to rabbits is deposited in the form of esters 
in the cells of the liver and adrenals. 

That the esters as they accumulate in excess become a burden and are removed 
from these organs by Kupffer cells in the liver and their analogues in the adrenals. 

That the cholesterol esters are engulfed as particulate matter by these cells. 

That these cells, now lipoid cells, escape from the liver and adrenals through 
the blood and lymph s 3 ’’stems and may produce obstruction in the lymph sinuses. 

That lipoid cells, having entered the blood stream, pass through the lung filter 
and selectively invade the arterial intima. This invasion is favored by stresses but 
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is apparently dependent on a positive chemotaxis of the arterial wall for cells 
carrying cholesterol esters. 

That the latent period after the beginning of cholesterol feeding in the rabbit 
and before aortic lesions appear is dependent on the production of esters in excess 
and their transport, as indicated in paragraphs 2 to 7 inclusive. 

That lipoid cells possess the power to split cholesterol esters and bring the 
substance into solution in an excess of fatty acids. 

That excess cholesterol esters are akin to silica in their irritant character. Both 
are difficult of metabolism, tend to stay long in tissues and stimulate a growth of 
connective tissue. 

That intravenous silica and cholesterol esters, practically alone among particulate 
matters, tend to cause in rabbits cirrhosis of the liver, enlargement of the spleen 
and changes in the kidneys resembling those of chronic “interstitial” nephritis. 

That human atherosclerosis is associated with intermittent accretions of excess 
cholesterol esters in contrast to the continuous accretions in the rabbit fed choles- 
terol. That the differences in the appearance of atherosclerotic lesions in the two 
species are due in great part to differences in the manner of feeding. Diffuse 
lipoidosis is more common in the experimental rabbit, partly for the same reason. 

The accepted criteria for the establishment of a causal relation between a given 
agent and a disease are embodied in Koch’s laws. Since animals are not susceptible 
to all human infections, or because evident parasites cannot be cultivated, or for 
other reasons, various compromises have been made with these postulates. How- 
ever, the evidence of a causal relation is most complete when Koch’s laws can be 
satisfied. 

In the causation of atherosclerosis the principles of Koch’s laws can be fulfilled. 
Excess cholesterol is always present in the active stages of human atherosclerosis. 
It can be identified in the lesions as definitely as can the bacterial or other parasitic 
agents producing infections. It can be extracted from the lesions. Human arterial 
lesions can be reproduced experimentally by its use with more exactness than 
the lesions of many human infections can be reproduced by the introduction into 
susceptible animals of their recognized causal agents. It can be identified in and 
extracted from the experimental lesions. 

Stresses determine the localization of lesions and influence the degree of the 
sclerotic processes. The efficiency of cholesterol metabolism is modified by sex 
and thyroid factors. Age (time plus thyroid deterioration) and heredity are also 
contributing elements. 

In another communication Leary suggests that since arteriosclerosis 
is the “cholesterol disease” of human beings, a diet limited or lacking in 
cholesterol should prevent arteriosclerosis. Vegetable oils, the sterols 
which are not absorbed, can be substituted for animal fats. 

Wilens has a slightly different idea on the location of atheromatous 
lesions. He believes that the intimal lipids, whether extracellular or con- 
tained witliin mobile phagocytes, tend as a result of the pulse movements 
of the vessel to converge or migrate toward points of least mobility, being 
impeded in their progress at points where firm scars have fused the 
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media to the intima, obliterating potential tissue spaces. Although 
this idea is not new, it is in opposition to the belief that atheromatous 
lesions usuall}'^ develop in places of greater stress and strain. It was 
Wilens’ opinion that since the greatest atheromatous lesions develop 
in places where the arteries are the least movable, laboratory studies on 
rabbits could be done to demonstrate this phenomenon. The .rabbits 
were fed cholesterol to stimulate the formation of atheroma, and portions 
of the femoral and carotid arteries were rendered relatively immobile 
by being invested in cylindric silver cuffs. The results confirmed his 
opinion, as the lipids localized in the intima of the arteries in the region 
of the cuffs in all but 7 of the 36 arteries studied. 

Hueper also presented evidence to support the 

. . . thesis that the fundamental and general causal mechanism of degenerative 
arterial disease is an impaired nutrition and oxygenation of the vascular wall, 
resulting in endothelial damage, increased intimal permeability, and the infiltration 
of plasma into the subintimal tissue followed by the proliferation of endothelial 
cells and the degeneration of the muscular and elastic elements of the media. If 
the plasma contains persistenth' or transiently pathologically large amounts of 
cholesterol or physicochemically related substances forming emulsions with the 
plasma, there occurs a retention of this material in the proliferating endothelial 
cells with the ultimate formation of atheromas, representing thus a special morpho- 
logical variety of arteriosclerosis. The second morphological type of arterio- 
sclerosis, on the other hand, is caused by highly excessive contraction or relaxation 
of the arterial wall through the action of hypertonic or hypotonic agents, respec- 
tively, giving rise to the development of primary^ medial necroses and calcifications. 
The secondary calcification of medial necroses is hastened and enhanced, if the 
primary causal vasculotonic factor (parathyroid hormone, vitamin D) produces at 
the same time a disturbance in the calcium metabolism or if a high blood calcium 
level is present normally as in herbivorous animals. Type and dose of the etiologic 
agents thus influence to a certain extent the morphological type of the resulting 
arteriosclerotic lesion. 

The following etiologic agents are suggested by Hueper: 1. Chemi- 
cally inert, film-forming and emulsion-forming agents (cholesterol, poly- 
vin 3 d alcohol, meth)d cellulose and, possibly, pathologic, large molecular 
protein complexes) present in the plasma impair the gaseous and nutri- 
tive exchange in the interface of blood and vascular wall. 2. Hypertonic 
agents cause not only an excessive densification of the vascular tissue 
with an exaggerated functional and metabolic stimulation of its com- 
ponent elements but a compression of the vasa vasorum resulting in 
ischemic h 3 ^poxemia and aggravating disturbances in the diffusibilit 3 ^ 
of the vascular tissues b 3 ' nutritive and waste metabolites. These include 
epinephrine, solution of posterior pituitar 3 ’-, renin, ephedi'ine, ergot, 
digitalis and compounds containing lead. 3. By an excessive dilatation 
of the vascular walls h 3 'potonic agents produce a compression of the 
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collapsed vasa vasorum, a slowing oi the blood flow and a lowering 
of the blood pressure, causing thereby stagnant anoxemia in the vascular 
wall and impaired gaseous exchange between the blood and the sur- 
rounding vascular tissues. Histamine, acetylcholine, nitrites, methyl 
xanthine, caffeine and barbiturates are used. There is also evidence 
that carbon monoxide and reduced atmospheric pressure may well be 
included in this group. 

Hueper believes that in certain cases a rational therapeutic manage- 
ment of arteriosclerotic patients could be accomplished providing the 
etiologic agent could be determined. Occupational arteriosclerosis, 
such as is present in workers employed in tobacco and chemical indus- 
tries, is amenable tp treatment. Iodine preparations and thyroid have 
proved so far to be the most suitable agents in preventing the develop- 
ment or arresting the progress of arteriosclerosis of various causation. 
There is, however, no evidence to show that they will cure the disease. 
The effect of these agents lies purely in the maintenance of an adequate 
oxygen metabolism, and consequently the best results are obtained when 
the latter condition is at fault. 

Bruger and Rosenkrantz suggest the possible relation of the 
advent of arteriosclerosis to the decreased activity of the thyroid so 
commonly associated with advancing age. They reviewed the records 
of 24,000 determinations of basal metabolic rate and found that 775 
were made on patients 55 years or older. Of this group 293 were 
accepted for analysis. The charts of these patients were studied, and 
223 were found to have arteriosclerosis and 70 to be without. A 
pronounced decrease in the average basal metabolic rate was noted in 
the former group, especially in patients over 70. Although no definite 
conclusion is reached, the authors submit many theoretic considerations 
especially related to the receptibility of the vascular tree to the deposi- 
tion of lipids the concentration of which depends on thyroid activity. 

Masson®® found that arteriosclerotic vessels have a great affinity 
for iodine, being somewhat similar in that respect to syphilitic and to 
tuberculous tissue. All of his experiments were performed on rabbits. 
Of 6 rabbits who were free from arteriosclerosis 5 were given potassium 
iodide and 1 was not. In 3 the aorta was free from iodide, and in the 
other 3 only small quantities could be detected. In another group of 
rabbits made arteriosclerotic with cholesterol and given iodides, it was 
always possible to demonstrate a greater iodide content in their aortas 
than in those of the nonarteriosclerotic group. 
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Ludden, Bruger and W right continued their studies on experi- 
inenal atherosclerosis and found that when female rabbits are fed choles- 
terol, the development of hypercholesterolemia is inhibited and the 
deposition of cholesterol in the aorta is prevented by the administration 
of testosterone propionate or estradiol dipropionate. In male rabbits 
fed cholesterol these steroids exert little such protective action or none 
at all. 

Daft and his associates give a brief but interesting report on the 
occurrence of extensive hyaline sclerosis and calcification of blood vessels 
in 7 young rats observed in the course of some preliminary experiments 
with purified diets deficient in the vitamin B complex and containing 
1 per cent sulfaguanidine (sulfanitylguahidine), supplemented with 
thiamine, riboflavine, pyridoxine, pantothenic acid, nicotinic acid and 
choline. This mixture was given continuously for sixty-two to one 
hundred and ninety-two days prior to autopsy. The sulfaguanidine is 
considered the etiologic agent. 

The incidence and complications of occlusive peripheral arterio- 
sclerosis among diabetic^ and nondiabetic patients was studied by Dry 
and Hines.®® In all cases they assumed arteriosclerosis to be present, 
as their main concern was to compare the severity or degree of impair- 
ment in the two groups. They studied 230 diabetic and 219 nondiabetic 
patients with conditions given the diagnosis of occlusive peripheral 
arteriosclerosis. They found that the absolute incidence of arterio- 
sclerosis to a degree of causing arterial insufficiency is significantly 
higher in the so-called “diabetic group” in every decade when diabetic 
patients are compared to nondiabetic patients as a group. The ratio 
for the entire group is approximately 11:1. Arteriosclerosis obliterans- 
occurs a decade later among nondiabetic patients as a group than 
it does among diabetic patients. It occurs two decades later among 
nondiabetic women than it does among diabetic men, and it occurs 
one decade later among nondiabetic Avomen than it does among dia- 
betic women. The incidence of arteriosclerosis obliterans among diabetic 
women is almost eighty times as frequent as it is among nondiabetic 
women as a group. Even in the age period of as early as 40 to 49 
years, arteriosclerosis obliterans is about twelve times as common among 
diabetic Avomen as it is among nondiabetic men. The ratio of men to 
Avomen in the nondiabetic group is approximately 7:1, whereas the 
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ratio is 2 : 1 for the diabetic group. The incidence of gangrene or 
trophic ulcers in the diabetic group is 62.1 per cent and in the non- 
diabetic group 48.9 per cent. Seventy-nine and four-tenths per cent 
of the diabetic women have this ■ complication. Diabetic retinitis and 
diabetic peripheral neuritis also occur with great frequency among 
diabetic patients afflicted with arteriosclerosis obliterans. 

The authors postulate that a biologic background exists for the 
development of advanced arteriosclerosis in the presence of diabetes 
mellitus. Apparently, it is an inherent weakness, or an abiotrophy 
exists which affects both the insulin-producing tissues and the vascular 
system and which requires in each instance only an additional stimulus 
to bring about pathologic changes. This stimulus may be obesity, an 
infectious illness, overfeeding, hypertension or hyperlipemia. Dry and 
Hines also consider a common mechanism for the production of the 
frequently associated arteriosclerosis obliterans, retinitis and peripheral 
neuritis in diabetes. This consists of the involvement of the- nutrient 
vessels, namely, the retinal arterioles in retinitis, the vasa nervorum 
in neuritis and the vasa vasorum in intimal arteriosclerosis. 

Kauvar also believes that arteriosclerosis and the resultant ischemia 
represent a major cause in the production of diabetic neuritis. His 
data were obtained from a study of 150 patients, of whom 65 had 
diabetes, 80 had generalized arteriosclerosis and 5 had a deficient blood 
supply to the extremities not due to arteriosclerosis or diabetes. In 
this study evidence of peripheral neuritis was found in 18 per cent of 
the patients with diabetes, in 8 per cent of the patients with generalized 
arteriosclerosis without diabetes and in all the patients with grossly 
.deficient blood supply to the extremities. 

Meyers and Altshuler tabulated the incidence of peripheral vas- 
cular disease in 74 diabetic patients. Thirty-two (43 per cent) were 
found to have varying degrees of vascular insufficiency. Of this group, 
13 (41 per cent) had no symptoms but showed evidence by careful 
study. The incidence of this complication increased with the age of 
the patient, but no correlation was observed between the severity of 
the diabetes and the presence of peripheral vascular disease. 

That serum potassium is the substance responsible for pain in 
ischemic tissue was considered likely by Harpuder and Stein.®^ They 
arrived at this conclusion by studying a sample of blood drawn from 
an antecubital vein after ischemic exercise of the arm. Samples were 
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taken (1) during rest, (2) ten seconds after ischemic exercise and 
release of circulation and (3) three minutes later. Of many substances 
investigated, potassium was the only chemical to increase during 
exercise, being 20 to 25 per cent higher during this period. As details 
concerning the number of cases investigated and the exact chemical 
figures are not included, little can be said concerning the authenticity 
of this hypothesis. 

EMBOLISM AND THROMBOSIS 

Garvin investigated the relative importance of mural thrombi as 
a source of emboli. He studied the problem indirectly on the assump- 
tion that if mural thrombi are an important source of emboli, then 
patients having mural thrombi should have a significantly higher inci- 
dence of infarction of the various viscera than a control group would 
have. 

He then examined the clinical and pathologic records of 77 X con- 
secutive adult patients who died of heart disease and were examined 
post mortem. The incidence of pulmonary infarction was found to be 
three times as frequent in those patients with mural thrombi in the 
right side of the heart as in those patients without. Infarcts of the 
brain, kidneys, spleen, intestines and extremities were more than twice 
as common in patients with mural thrombi in the left side of the heart 
as in patients without such thrombi in this location. These observations 
were indicative to the author that mural thrombi in the heart are a 
significant cause of embolic occlusion of arteries both in the lesser and in 
the greater circulation. 

There is increasing evidence that arterial obstruction rather than 
venous obstruction plays a significant role in the causation of Volk- 
mann’s contracture. Horwitz’ recent studies lend support to this 
concept in that he was able to demonstrate a widespread venous 
anastomosis in the elbow region in normal persons which was not only 
well protected between the muscle planes but external to the confines 
of the antecubital space. 

In the present review we have not attempted to cover the literature 
on cervical ribs and thrombosis of subclavian vessels. A case reported 
by Hoobler was of interest. A patient had cervical ribs and throm- 
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bosis of the right subclavian artery which was complicated two years 
later by hemiplegia due to a cerebral embolism. 

Aggeler, Lucia and Thompson described a syndrome resulting 
from the occlusion of all of the vessels arising from the arch of the 
aorta. The condition was characterized by complete absence of pul- 
sations in carotid arteries and in the arteries of both upper extremities. 
Symptoms referable to the central nervous system, ocular mani- 
festations, atrophic rhinitis and atrophy of the arms and legs are usually 
present. In the case described by these authors the exact causation was 
not known, but the condition was thought to result from thrombocytosis 
and autohemagglutination. 

Cases of gangrene of a digit secondary to local anesthesia were 
reported by McLaughlin and Pelner.®® This unfortunate complication 
prompted the latter author to investigate the effect of injection of various 
anesthetic agents into the base of a rat’s tail. Thirty male rats were given 
injections of 1 and 2 per cent procaine hydrochloride with epinephrine 
in the concentrations usually marketed or without epinephrine at all, 
as well as Avith physiologic solution of sodium chloride and with epi- 
nephrine in a concentration of 1 : 10,000. No cases of gangrene of the 
tail were encountered in the rats given injections either of 1 or of 2 
per cent procaine hydrochloride or of saline solution. Of the remaining 
21 rats, gangrene of the tip of the tail developed in 10 within thirty-six 
hours after receiving procaine hydrochloride with epinephrine. The 
author concluded that epinephrine should not be used in anesthetic 
mixtures in any concentration for operations on the fingers or toes. 

Gangrene of the extremities in the newborn has been occasionally 
encountered. Recently Heller and Alvari reported a case of such a 
condition in which the causation remained obscure. They believe that 
it was either due to pressure on the limbs from a long and difficult 
labor or secondar}’- to infection. 

AINHUM 

A case of ainhum is reported by Davies and Hewer.'^“ In this 
case the patient Avas a 55 year old Negro Avith evidence of generalized 
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vascular disease and intermittent claudication, but histologic study- 
demonstrated that the changes in the little toes were of local origin and 
in no way suggestive of arteriosclerotic gangrene. The authors suggest 
that epidermophytosis might lead to such lesions, even though no fungus 
could be demonstrated in this case. 

THROMBOANGIITIS OBLITERANS 

Thompson stresses the relation of dermatomycosis not only to 
thromboangiitis obliterans but to thrombophlebitis, phlegmasia alba 
dolens, migratory phlebitis and postphlebitic ulcer. Rather than con- 
sider a superficial mycosis as being merely incidental, the author has 
reason to believe that this infection may play a more vital role, possibly 
providing the etiologic agent for the vascular disorder itself. Even 
though there is no evidence to incriminate fungi directly, the vessels 
and deeper tissues may react in a manner similar to the well recognized 
allergic reaction of tissue elsewhere to the products of these organisms. 
As examples, reference is made to the dermatophytid and the character- 
istic “tuberculin type of reaction.” 

Naide also shares this opinion with Thompson. Of his series of 
30 patients with thromboangiitis obliterans, 28 (93 per cent) had 
dermatophytosis clinically, severe in 20. Of 30 controls, men between 
the ages of 20 and 50 without thromboangiitis obliterans, 22 (73 per 
cent) had dermatophytosis clinically, severe in 9, Vesicles, extensive 
scaling, fissures and involvement of nails were definitely more common 
among patients with thromboangiitis obliterans than among the controls. 
On microscopic examination fungi were found in 5 to 12 patients with 
Buerger's disease, a proportion usually obtained in all patients with 
dermatophytosis. The trichophytin test was also revealing. Cutaneous 
tests were made with trichophytin (1 : 30) on 30 patients with thrombo- 
angiitis obliterans. After forty-eight hours 24 patients (80 per cent) 
gave positive reactions to trichophytin. Of the 30 controls, 6 (20 per 
cent) gave positive reactions. Of the 8 controls without clinical evidence 
of dermatophytosis, none gave a positive reaction. 

Ten of the patients were observed during attacks of migratory 
phlebitis. Seven of these had an exacerbation of dermatophytosis pre- 
ceding the attack of phlebitis. The author is in agreement with 
Thompson that the evidence to date is insufficient to suggest an etiologic 
relation between the two diseases, but he believes that certain clinical 
features of thromboangiitis obliterans are more readily accounted for 
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on the basis of fungous infection than by other etiologic mechanisms thus 
far proposed. This theory should not be disregarded, but additional 
study is necessary before acceptance. 

That cardiac disease is not uncommon in patients with thrombo- 
angiitis obliterans has apparently been well established. On the other 
hand, surprisingly few cases of coronary thrombosis secondary to this 
disease have been reported. A case of such an occurrence was recently 
submitted by Greenfield,'^ but since the patient in this case survived, 
definite pathologic proof is lacking. From the literature cited by Green- 
field one wonders if the incidence of involvement of the coronary arteries 
is as great as previously considered. 

No mention is made of the possibility of coexisting arteriosclerosis, 
as many patients with Buerger’s disease live sufficiently long for 
degenerative changes to develop. It is our opinion that changes in the 
electrocardiograms of patients with long-standing thromboangiitis 
obliterans are, in man}^ instances, secondary to coronary sclerosis. The 
possibility of arterial disease predisposing one to arteriosclerosis must 
also be considered. 

On reporting 4 cases of thromboangiitis obliterans involving the 
arteries of the brain, Antoni suggested that this condition might be 
more common than previously considered, as in many cases the con- 
dition has undoubtedly been given the incorrect diagnosis of juvenile 
arteriosclerosis. 

Three cases were presented by Silbert in which thromboangiitis 
obliterans and polycythemia occurred in association in the same patient. 
This combination is so rare that Silbert considered it coincidental. 
Fatherree and Hurst report the association of thromboangiitis with 
scleroderma. This combination was not only unusual in itself but of 
interest in that the scleroderma developed after cervicothoracic sym- 
pathectomy. 

Thromboangiitis in Negroes is probably more common than the 
literature leads one to believe. A case was recently reported by 
Warshawslc}^’^’' 
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PERIARTERITIS NODOSA 

Twenty additional cases of periarteritis nodosa were reported during 
the past year."® The numerous articles on this disease have undoubtedly 
made clinicians more conscious of its occurrence, resulting in more 
frequent diagnosis. Felsen made the diagnosis in 1 case prior to death 
by a sigmoidoscopic study. He noted peculiar horizontal linear dark 
red streaks running in parallel lines in the rectosigmoid area. Careful 
study with a telescopic device revealed that these lesions were within 
the vessels and that the widened areas within the vessels were throm- 
botic. Subsequent study at autopsy confirmed his observations. 

TEMPORAL ARTERITIS 

Four cases of temporal arteritis were reported this year.’'® No new 
comment was made on the causation or on the characteristics of the 
pathologic picture. 

Gilmour ®° cites 4 cases of a rare and little known form of arteritis. 
Syphilis was excluded in 3 of his cases, and in most of those reported 
in the literature. Tuberculosis is also excluded. The essential micro- 
scopic change is inflammation, and the prodromal symptoms are strongly 
suggestive of infection. The microscopic and the clinical features do 
not resemble those encountered in other types of arteritis. The author 
believes that the disease is probably a separate entity. In the branches 
of the arch of the aorta and in the internal and the external carotid 
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artery the disease is focal, bilateral and symmetric, while in the aorta 
it is usually widespread. The inflammation apparently heals in time, 
but death has occui^ed from rupture of an aneur}'^sm or from thrombosis 
during active inflammation. Multinuclear giant cells are present in 
most of the affected vessels, and consequently the author gives this 
disease the name of giant cell chronic arteritis. 

Neel and Herrmann®^ report a case of sudden occlusion of the 
major vessels to the left leg by a large embolus originating in an area 
of tuberculous thrombophlebitis of the pulmonary vessels. This was 
confirmed at autopsy,' but of interest were the associated metastatic foci 
of tuberculous arteritis. 

Fite®^ noted that in the cutaneous lesions in 32 of 77 cases of 
leprosy, some involvement of the blood vessels was present, usually with 
bacilli in the lining of endothelial cells. Infection of the terminal 
vascular loop was the most common occurrence, whereas the larger 
vessels were involved in a variety of ways. Arteries and veins were 
involved with equal frequency. 

VASCULAR TUMORS 

Thirteen cases of glomus tumors were reported during the last 
year.®® Of interest were the 4 cases collected by Kaufman and Clark 
from the same family. 

Thomas ®^ reports on the pathologic and clinical analysis of 27 cases 
of benign and of malignant vascular tumors involving bone. This study 
was made possible through the cooperation of the Bone Sarcoma 
Registry of the American College of Surgeons, proving the value of 
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such a registry for studying rare conditions. All of the tumors were 
true endotheliomas, mesenchymal in type, arising from congenital rests 
by a process of endothelial proliferation and differentiation into new 
blood vessels. The typical benign angioma is a highly differential 
structure composed of fully developed blood vessels which grows slowly 
and with little evidence of cellular activity. As the symptoms are not 
pathognomonic the diagnosis is usually established by roentgen exami- 
nation. The characteristic roentgenograms vary depending on whether 
vertebrae or flat or long bones are involved. Treatment is quite success- 
ful by irradiation or operation or both. 

The malignant angiomas are characterized by rapid growth, invasion 
of surrounding tissue and sometimes metastasis. They consist of highly 
cellular angioblastic tissue, which in its histogenesis tends to revert to 
the original primitive mesenchymal structure, producing a varied 
histologic picture differing greatly from the well differentiated benign 
forms. There is always present an angioblastic tendency evidenced 
by endothelial proliferation and the formation of new blood vessels. 
Diagnosis is difficult, as malignant angiomas possess few characteristic 
roentgenographic or clinical features. Diagnosis is based largely on 
their histologic appearance. They are only moderately radiosensitive, 
and early diagnosis and radical surgical treatment are essential for cure. 

Four cases of venous angioma of skeletal muscle were reported by 
Fulton and Sosman,®® In these cases the diagnosis was made by the 
roentgen demonstration of phleboliths in the tumor. The authors believe 
that the finding of multiple phleboliths in areas of the body where 
normally no plexus of veins exists is practically pathognomonic of a 
venous angioma. This is particularly true in the extremities. 

EDEMA 

The mechanism of edema formation in failure of the right side of 
the heart was studied by Fahr and Ershler.®® It was found to be due 
to the rise in capillary hydrostatic pressure rather than to anoxemia. 
Edema develops when the hydrostatic pressure in the venous end of 
the capillaries rises to within 2 mm. or less of the colloid osmotic pres- 
sure. This is particularly true if a patient is up and about, if no 
precautions are taken as to salt and water restriction and if no diuretics 
are given. When the colloid osmotic pressure is normal, 22 mm. of 
mercury, a tendency toward edema is present when the hydrostatic 
pressure in the venous end of the capillaries is 20 mm. of mercury or 
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the venous pressure in the arm veins is 13 mm. of mercury. A drop 
in colloid osmotic pressure of 7 mm. of mercury or a rise in capillary 
pressure of 8 mm. of mercury produces approximately the same tendency 
toward edema. A tendency toward edema is also present when the 
colloid osmotic pressure is not more than 9 mm. higher than the venous 
pressure in the arm. 

A case of unilateral hypertrophy of the leg due to venous retardation 
was described by Luke.®^ A thorough study was made as to the cause 
of this enlargement, as it resembled clinically an instance of venous con- 
gestion. In this case the patient had been previously healthy and gave 
no history of phlebitis. There was no evidence of lymphatic blockage. 
The diagnosis was finally established by roentgenograms made after 
the injection of diodrast. This study revealed the absence of, or 
defective valves in, the deep venous system of the involved leg. The 
author considered that venous pressure caused the hypertrophy of the 
leg. Apparently this extremity was endowed with a set of valves con- 
genitally weaker or numerically fewer than normal. 

TREATMENT 

Assuming that an increase in blood volume should benefit patients 
with deficient circulation led Hayward to investigate the possibility 
of intravenous administration of serum in the treatment of peripheral 
vascular disease. Fifty transfusions were given to 16 patients suffering 
from a variety of peripheral vascular disorders, mainly of the occlusive 
type. Each transfusion consisted of 800 cc. of pooled liquid serum 
having a protein content of 7 per cent. Reactions were few, although 
chills and fever occurred on fifteen occasions. After transfusion the 
blood volume increased markedly, gradually returning to normal after 
two to three days. The oscillometric readings and cutaneous temper- 
atures apparently increased. The response to reflex vasodilatation was 
greater after transfusion than before. The results of these special studies 
are not clear. As an example, the serum did not increase the surface 
temperature if the skin was cold but did so if the skin was warm. In 
3 patients the reflex method of producing vasodilation failed to produce 
a response prior to the administration of serum, whereas after serum 
was given a normal response was elicited. One questions the technic. 

The clinical results were good. In all, 7 of 10 patients with cold 
limbs had improvement in the warmth of the limb; in the remaining 
3 there was little increase in warmth. Of the 8 patients with pain at 
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rest, all were relieved; in 6 it was complete after the first transfusion 
and in 2 only after three transfusions. The walking distance of 4 of 6 
patients with intermittent claudication was improved. One of the 
3 patients with Raynaud’s disease improved. Pregangrenous color 
changes improved in 4 patients. All of the 6 patients with ulcers of 
limbs associated with chronic arterial disease recovered after one to 
three transfusions. 

The author was of the opinion that the action of intravenously 
administered serum was purely mechanical, produced by the increase 
in blood volume which follows the transfusion. 

Linton and his associates,®® using a perfected thermostromuhr, 
presented laboratory evidence that therapeutic venous occlusion 
increased the arterial blood flow to the hind extremity of dogs. The 
increased flow occurs during the time of occlusion but returns to normal 
when the pressure is released. A pneumatic tourniquet produces a 
greater inflow of blood than ligation of the main vein from the leg. The 
increase in blood flow appears to be directly related to the height of 
the venous pressure up to a certain level, above which the arterial inflow 
begins to decrease. These results were obtained with patent, as well 
as occluded, arteries, although in the latter the maximum flow occurred 
much less rapidly. As the flow increased only during the period of 
venous occlusion, the authors are of the opinion that in the treatment 
of arterial occlusion by intermittent venous congestion the period 
of venous obstruction should be longer than the period of release. By 
studying the blood flow in one extremity while venous occlusion was 
produced in the contralateral one, it was shown that the increase in 
the arterial blood flow is probably not caused by a humoral or a nervous 
mechanism. The authors expressed the opinion that a mechanical 
dilatation was the most likely explanation for this phenomenon. 

Horton, Krusen and Sheard studied the effect of various mechan- 
ical devices currently used in the treatment of peripheral vascular 
diseases on the surface temperatures of the toes. Normal subjects, as 
well as patients with peripheral vascular diseases, were used in their 
experiments. From their results they concluded that neither the pavaex 
machine nor apparatus for intermittent venous occlusion is capable of 
promoting increased blood flow in normal extremities or of value in 
treating persons with peripheral vascular disease. The best results 
were obtained by the use of an oscillating bed, provided that this is 
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used in an environmental temperature of 85 to 87 F. (29.5 to 30.5 C.), 
at which level vasospasm ceases to exist. It must be remembered that 
this evaluation depended solely on the assumption that surface temper- 
ature is an index of blood supply. 

A similar evaluation of the usefulness of various physical measures 
in the treatment of peripheral vascular diseases was presented by 
Wright.®^ Practically all of the therapeutic agents employed at present are 
mentioned, with particular emphasis on their indications and contra- 
indications. No specific data are given on the results obtained, but 
favorable comment is made on agents producing heat, active vascular 
exercises, the oscillating bed and iontophoresis employing acetylbeta- 
methylcholine. Wright was not convinced of the value of intermittent 
venous occlusion and, to a lesser degree, the pressure suction boot. 

The vasodilating action of a number of procedures used in the 
treatment of peripheral vascular diseases was investigated by Abram- 
son, Zazeela and Schkloven by means of the venous occlusion plethys- 
mograph. Studies were done on a series of normal patients, patients 
with peripheral circulatory disease and patients with various mental 
states. A single administration of calcium gluconate; a deproteinated 
pancreatic extract (padutin) ; papaverine hydrochloride ; a mixture of 
atropine, hydrochlorides of opium alkaloids and papaverine (spasmal- 
gin), and thiamine hydrochloride produces only a slight increase or 
none at all in the blood flow to the hand, the forearm, the leg and the foot. 
Alcohol, diethylstilbestrol and histamine acid phosphate generally increase 
the blood flow to the hand but not to any other portion of the extrem- 
ities. Hypertonic solution of sodium chloride produces an augmenta- 
tion of the flow to* the hand, leg and foot in a third of the trials. The 
application of a venous occlusion pressure for two or three hours does 
not produce a significant increase in peripheral blood flow. The 
authors also presented evidence by their method of study that results 
of surface temperature studies and oscillometric readings do not neces- 
sarily reflect or parallel changes in total blood flow to an extremity. 
It is our opinion that the data obtained in these experiments are 
parallel in part to the clinical results obtained from the use of these 
procedures. This paper also serves to emphasize the need for more 
thorough investigation of new therapeutic procedures before they are 
accepted. 

Interest is being aroused on the question of heat versus cold in 
the treatment of certain types of peripheral vascular diseases. The 
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previously reviewed work by Allen and his associates on the use of 
refrigeration as a preliminary to amputation in older patients appears 
to be gaining favor. Its use in younger persons has recently been 
suggested by Ochsner,®® especially in those in whom there is interfer- 
ence with the blood supply as a result of trauma. He suggested that 
the associated vasospasm be controlled by injection of the sympathetic 
ganglions with procaine hydrochloride or alcohol. To us the question is 
not entirely one of controlling the associated vasospasm. It is doubtful ' 
if blocking the ganglions will prevent the local action of cold on the 
vessels anyway. The question is, does collateral circulation develop 
with the correct amount of refrigeration in these patients or does the 
cold produce an unchanging condition in the extremity in which neither 
gangrene nor collateral circulation develops? Many of the details of 
this form of therapy remain obscure, and consequently more investi- 
gation is needed before adoption. 

Stein and Weinstein studied the effect of carbon dioxide baths 
on the peripheral circulation. European authors previously demon- 
strated that carbon dioxide diffuses through the dermal layers, thus 
coming into contact with the network of small blood vessels and causing 
them to dilate. The resultant hyperemia is usually localized to the 
contact area and is unaccompanied by an appreciable rise in tissue or 
general metabolism. The authors studied a series of patients sub- 
mitted to these baths. In all of the subjects the cutaneous temperature 
increased during the treatment and decreased gradually afterward. 
When tap water was substituted, the results were similar except that 
the temperature of the skin fell more rapidly after the completion of 
the treatment. Capillary studies and blood flow measuVements were 
also made. Blood flow was increased, and in the capillatry studies an 
extraordinarily large number of capillary tufts and loops became vis- 
ible after exposure. The authors suggest the clinical apiplication of 
this process but do not report any of tbeir results. One vyonders if 
this is an attempt to resurrect the spa treatments of continental Europe. 

Fatherree and Hurst report their observations at Soap\ Lake, 
Wash., recently popularized as a spa beneficial to patients with throi-pbo- 
angiitis obliterans. A statistical analysis of 32 patients was mtade, 
including not only the usual data but the progress of the disease befo re 
and during residence in this area. The apparent popularity of Soap 
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Lake lies in the considerable percentage of gangrenous and ulcerative 
lesions which heal while the patients are treating themselves in this 
lake. The authors are of the opinion that the frequent healing of these 
lesions was not due to the water but occurred because the gangrenous 
extremities were kept at rest, kept clean and not subjected to meddle- 
some surgical procedures. 

The dietary history and clinical data for 21 patients with Raynaud’s 
syndrome are reported by Spiegel.®® In most patients the history 
revealed a deficient intake of vitamins, and in a few clinical avitaminosis 
was present. These patients were treated for six weeks to one year 
either with “total vitamins” or with vitamin B complex. Fifteen 
showed distinct relief from attacks of vascular spasm. Three remained 
asymptomatic and are being maintained on a normal diet. The vitamin 
B complex appears to be the effective therapeutic group of vitamins. 
The authors were unable to determine which was the essential specific 
factor. When thiamine hydrochloride and pyridoxine were used indi- 
vidually they were ineffective. Thiamine hydrochloride and pyridoxine 
in large doses actually caused exacerbation of symptoms in patients 
who had previously improved under vitamin B therapy. Apparently 
the several components of the vitamin B complex are necessary, 
although no relation between this deficiency and the pathologic mechan- 
ism of Raynaud’s syndrome could be adequately explained. 

King successfully treated 10 patients with thromboangiitis obliter- 
ans with deproteinated pancreatic extract. In all cases relief from 
intermittent claudication and pain at rest was noted. The subjects 
studied probably had arteriosclerosis obliterans rather than thrombo- 
angiitis obliterans. 

Davidson successfully treated 3 patients with septic thrombo- 
phlebitis with heparin and sulfathiazole (2-[paraaminobenzenesulfon- 
amidoj-thiazole). The usual dose of each drug was used. 

ABNORMALITIES OF BLOOD PRESSURE 

Kean®® studied blood pressure in West Indians and Panamanians 
in an effect to add to the information regarding the relation of race 
and climate to variations in blood pressure. He discusses observations 
made in many previous reports, some of which are controversial. It 
has been believed that blood pressure in persons living in the tropics 
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is low and that hypertension is not common among them. It is said 
to be rare among the Chinese and in Australian aborigines. The inci- 
dence in American Negroes is high, while blood pressure in Negroes 
living under primitive conditions in Africa is cited as being similar 
to that in white persons up to the age of 40 and after ths age averag- 
ing less than that in white persons. 

Kean’s own studies were conducted on native Panamanians and 
West Indians living on the Isthmus of Panama. The incidence of 
increased blood pressure was much greater in the West Indians than 
in the native Panamanians. The converse was true for low blood 
pressure. The average of blood pressures taken was higher for the 
West Indian group, and the incidence of hypertension was actually 
greater in this group as well. 

It would be of considerable interest to follow up this work with 
blood pressure studies on West Indians in their home environment. 
The impression is prevalent that the existence of hypertension and vas- 
cular diseases in general is high in the American Negro population. 
This is quite in contrast to observations made on aboriginal Negroes. 
To speculate on the factors causing this is, of course, futile, but the 
question of the effect of change of environment to a cold climate on a 
vascular system adjusted through generations of life in the tropics is 
interesting and perhaps important. This may be the reason for the 
supposed inferior vascular system of the American Negro. 

Cold Pressor Phenomena . — The fact that the cold pressor phe- 
nomenon in hypertension is dependent on intact peripheral sensation 
was demonstrated by observations made by Sullivan on a patient 
with a transection syndrome of fourteen years’ duration. The spinal 
cord had been removed below the level of the first lumbar segment, 
with complete motor and sensory paralysis. The circulation of the 
blood in the legs was unimpaired. 

When either hand was immersed in ice water a constant rise in 
blood pressure was noted, from 120 to 140 systolic and from 90 to 104 
diastolic on one occasion. An increase in heart rate accompanied this 
rise in pressure. When a foot was immersed, no constant change 
was noted either in systolic or in diastolic pressure. This observation 
substantiates the assumption that the cold pressor response is due to a 
reflex, resulting from sudden stimulation of the cutaneous nerve end- 
ings for pain and temperature sense. 

Feldt and Wenstrand have made a comparison of the results of 
the cold pressor test and the breath-holding test as a stimulus for the 

100. Sullivan, J. D. : Dependence of Cold Pressor Reaction on Peripheral 
Sensation, J. A. M. A. 117:1090 (Sept. 27) 1941. 

101. Feldt, R. H., and Wenstrand, E. E. W. : The Cold Pressor and Breath 
Holding Test: An Analysis of Results in Two Hundred Subjects, Arch. Int. Med. 
67:1157 (June) 1941. 



SCUPHAM ET AL.— VASCULAR DISEASES 


483 


detection of persons who respond with an excessive rise in blood pres- 
sure. Both tests were made on 200 persons with normal and with 
elevated pressure. 

Both procedures were found to produce a rise in blood pressure. 
Statistically, the response was similar except in one classification. 
Among normal hyporeactors to the two tests the systolic response to 
the breath-holding test greatly exceeded the response to the cold pres- 
sor test. In most of the subjects the response to the cold pressor test 
was the same or higher than the response to breath holding. Wide 
differences were sometimes encountered in the same person. Hyper- 
reaction to cold was observed in 39 persons who reacted normally to 
breath holding, while in 16 persons the opposite was noted. 

While the arithmetical mean results correspond well, the individ- 
ual differences seem to be too great to indicate that the results can be 
regarded as showing “striking simularity.” 

Abramson and Fierst have made observations on blood flow in 
the forearm, the leg and the hand in hypertensive subjects at rest. 
Blood flow in the forearm and in the leg was found to be consider- 
ably higher in hypertensive subjects than in normal persons. In the 
hand, on the contrary, blood flow was found to be uniformly less in 
the hypertensive subjects than in the normal ones, in striking contrast 
to the results obtained in the forearm and the leg. 

When the blood flow was correlated with the height of the blood 
pressure, it was observed that there was a marked relation between 
the forearm flow and both systolic and diastolic levels. 

From their data the authors conclude that the theory of general 
and uniformly increased peripheral resistance to blood flow in hyper- 
tensive persons cannot be held in view of their observations that 
blood flow is not the same throughout the body. If the increased resis- 
tence is localized, then it might be expected that a more rapid rate of 
flow would exist in those parts of the body in which the resistance 
was not increased. 

There is, of course, considerable variation of opinion in this respect, 
and as the authors point out, it cannot be stated that the augmented 
blood flow through the leg and the forearm is the result solely of an 
increase in tone of the vascular bed in other parts. Further studies 
will be necessary to decide this matter ultimately. 

The relation of pregnancy and toxemias of pregnanc}^ to later 
hypertension in women has been the subject of several papers. 

A follow-up study of 167 eclamptic women was made. In 147 
survivors the incidence of subsequent hypertension was 17.5 per cent. 

102. Chesley, L. C., and Somers, W. H.: Eclampsia and Post Eclamptic 
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Proteinuria occurred in 2.6 per cent. Renal function as usually mea- 
sured was within the normal range in 97 per cent. The majority had 
changes in the fundi of significant type, and one half of them had 
cardiac enlargement. Hypertension was more likely if there had been 
antecedent renal disease, elevated blood pressure during pregnancy, 
many previous children or long and severe eclampsia. 

Williams, Nix and Manzy in a follow-up study of 224 women 
with toxemia of pregnancy found that 80 per cent of those above 35 
years of age had blood pressures in excess of 140 systolic and 90 
diastolic. The severity and the type of toxemia seemed to have no 
special relation in those who did not have previous hypertension or 
nephritis. Later hypertension was much more frequent in those who 
had had toxemia and subsequently had a later pregnancy than in those 
who had only one pregnancy. 

In another statistical study on the subject Isenhour, Kuder and 
Dill found that the incidence of hypertension both in parous and in 
nulliparous women was above the average usually stated as normal for 
men. They believe that it is reasonable to suppose that the vascular 
system of the female has an increased tendency toward hypertension. 
This does not seem to be actually demonstrable. 

They conclude that there is no relation between hypertension and 
pregnancy itself and that hypertension and “hypertension-producing" 
diseases which occur after a large proportion of toxemias of pregnancy 
are due to defects in the vascular systems of the persons affected which 
predispose them to both the toxemias of pregnancy and hypertension. 

It is apparent that while there is some disagreement in detail, 
still there is a definite increased frequency of hypertension following 
this complication of pregnancy, Avhether it bears a causal relation or 
whether both conditions have a common underlying cause. 

The exact nature of experimental hypertension produced by con- 
striction of the renal ar.tery or by compression of the kidney itself is 
still under discussion. The similarities to and differences from hyper- 
tension in human beings have brought forth efforts both clinical and 
experimental to link the two forms together and thus place essential 
hypertension in the classification of renal diseases. Certainly it must 
be admitted that the numerous counterparts of experimental hyperten- 
sion encountered in human beings furnish evidence enough to warrant 
careful investigation of every clinical case showing the symptom com- 
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plex of hypertension. Certainly the separation and grouping of cases 
showing increased blood pressure is important for no other reasons 
than those of prognosis and diagnosis, and therefore treatment in some 
cases. 

Schroeder and Steele have continued their clinical studies on 
hypertension and point out that the identity of essential hypertension 
has been seriously called into question. They note that chronic bilateral 
pyelonephritis is now recognized as a cause for the rise in pressure 
and have therefore investigated a number of other renal abnormalities 
which they consider to have some significance in this respect. 

They studied 250 cases for the purpose of discovering some asso- 
ciated renal disease. Some type of renal disease was encountered in 
113. The onset of such disease often occurs much earlier than the 
development of hypertension, and while the disease itself may be one 
not usually associated with it, yet the frequency with which renal dis- 
ease occurs suggests that it may be at least a factor in the genesis of 
hypertension. Another, according to the authors, may be an' inherited 
predisposition shown in the quality of the vascular system which is 
responsible for the cold pressor reaction. 

Prinzmetal, Hiatt and Tragerman^°“ report a case of bilateral 
infarction of the renal arteries which appeared at autopsy to produce 
bilateral obstruction of these arteries exactly similar to that produced 
experimentally by Goldblatt. There was a well marked rise in blood 
pressure within a few days. The case is a perfect example of acute 
renal ischemia in a human being. Perfusates of the kidney had the 
same hypertensive properties as do those of experimental animals. 
Hypertension following thrombosis of the renal veins has also been 
reported.^®’’ 

Braasch and 'Wood encountered 3 instances of hypertension in 
a group of 70 cases of perinephritis or perinephritic abscess. In these 
instances it was impossible for the authors to draw any conclusion as to 
a causal relation to constriction or compression of the kidney. 

Baggenstoss and Barker studied a group of cases of unilateral 
renal atrophy and observed that hypertension was somewhat more fre- 
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quent in their group than could be expected had it occurred only by 
chance. Increased blood pressure is more likely to be associated if 
the degree of atrophy is severe. The causes of atrophy were pyelo- 
nephritis and hydronephrosis in most instances. 

In confirmation of the present state of awareness of the relation 
between hypertension and renal disease are the large number of indi- 
vidual case reports and extended studies of unilateral renal disease of 
urologic type in which hypertension is considered a relevant factor. 

Reports on cases of juvenile hypertension are increasing in number 
doubtless because blood pressure observations are now being made on 
children much more frequently than in years past. Killian and Cal- 
vin reported 6 cases of persistent hypertension in children from 
to 14 years of age. The hypertension was of renal origin in ah 
cases in only 1 of which the renal disorder was subacute glomerulo- 
nephritis. Pyelonephritis, hydronephrosis and congenital unilateral 
hypoplasia of the kidney made up the balance. The authors note that 
hypertension may occur much more frequently in childhood than is often 
suspected. 

Powers and Murray have reported 1 case of juvenile hyperten- 
sion due to pyelonephritis and aplasia of one kidney successfully treated 
by surgical intervention and have reviewed 14 cases previously reported. 
The renal lesions in these cases have been classified as neoplastic, 
obstructive, congenital and inflammatory. 

Kimmel’s findings in regard to pyelonephritis reflect much the 
same viewpoint. 

Benjamin and Ratner,^^® Court,^^^ Toulson and Wagner’-^® and 
Kerley and Lorenze likewise report hypertension in infancy and 
childhood, in all instances either due to or associated with renal disease, 
most often pyelonephritis. 
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ENDOCRINE HYPERTENSION 

The syndrome presented by tumors of the adrenal medulla has 
been reviewed in previous years. Additional case reports appear 
frequently, and this disorder is apparently discovered often enough in 
an early stage to admit to successful surgical treatment. 

Hantschmann has, however, reported 5 cases of tumor involvings 
the adrenal cortex associated with hypertension. In 4 of these biopsy 
or necropsy was done. In 3 cases the patients were women of middle 
age who showed hirsutism, facial rubor and reduced carbohydrate 
tolerance in addition to high blood pressure. Of the patients in the 
other 2 cases, both men, 1 had a hypernephroma and the other a cortical 
adenoma. Hantschmann believes the rise in blood pressure in these 
cases to be due to the secretion of a substance which is not epinephrine 
but related to it. In his opinion this substance has the ability to con- 
strict the arterioles, but no capillary constriction occurs ; hence the rubor. 
The symptoms are somewhat similar to those observed in adenomas 
of the anterior lobe of the pituitary. Further observations are clearly 
necessary to evaluate his data. 

That chorionepithelioma may be accompanied by hypertension is 
shown by the reports of Adams.^^® 

EXPERIMENTAL HYPERTENSION 

Page has reviewed the status of experimental hypertension and 
presented the views which his extensive work on the subject permit 
him to form in regard to hypertension in human beings. As is well 
known, he places the emphasis on the theory of a humoral mechanism 
for the origin of the disorder and places the location of the effect in 
the afferent glomerular arteriole, although the essential alteration in 
the hemodynamics of the renal blood flow lies in the constriction of the 
efferent glomerular arteriole. He suggests that the process which 
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initiates the disturbance in blood flow is probably arteriosclerosis, which 
may exist in this portion of the renal vascular structure alone. He 
discounts the effect of the central nervous system in the genesis of 
vascular hypertension and explains the results obtained by surgical 
extirpation of the sympathetic mechanism on the pooling of blood within 
the splanchic vessels and diminished venous return to the heart which 
is most evident in the upright posture. Cardiac output is thus limited, 
and the peripheral pressure remains at a lower level as a consequence. 
So it may be said, if this is true, that such an operation does not alter 
the fundamental mechanism which is responsible for the genesis of the 
disorder in human beings. 

The work of Corcoran and Page on renal blood flow in experi- 
mental hypertension is comparable to that of other investigators. Renal 
blood flow is decreased in animals made hypertensive by compression 
of a renal artery if this compression has been marked or severe. These 
studies of Corcoran and Page were made on animals who were made 
hypertensive by only limited compression. Measurements of the renal 
blood flow calculated from the clearance of phenolsulfonphthalein and 
of inulin indicated that hypertension did exist without impairment of 
renal blood flow. Thus, renal ischemia is not essential to production 
of experimental hypertension. The essential mechanism is said to be 
intrarenal reduction of pulse pressure. That is, hypertension develops, 
or the humoral agent responsible for its development is released, as a 
consequence of the absence of pulsatile blood flow. Renal ischemia when 
present is then only an accompanying phenomenon. If this is true, the 
authors reason that the production of renin “must arise in some site 
normally exposed to high pulse pressure.” Such a site must be proximal 
to the glomerulus and in close relation to the afferent arteriole. Sur- 
rounding or adjacent to these structures are groups of cells the nature 
or function of Mdiich is not well known. Because these cells are hyper- 
trophied and show an increase in the number of their granules in animals 
with experimental h)^pertension, it has been assumed that they may 
be the site of the formation of renin. 

In this paper a complete review of the subject of renal hemodynamics 
is discussed and developed in the logical fashion of the authors. 

That sympathectomy, even the complete denervation operation of 
Smithwick, has no effect on renal blood flow as measured by the usual 
clearance methods was shown in 2 cases by Corcoran and Page.^'" 
The efferent arteriolar constriction was not reduced in either case 
studied. These observations corroborate ones made on animals with 
experimental hypertension. The authors repeat their view in regard 
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to the effect of sympathectomy being largely due to diminished cardiac 
output but suggest that the reduction of pressure in a hypertensive 
patient subjected to the operation may arrest the progress of renal 
arteriosclerosis and state: 

Since these arteriolar lesions may contribute to the release of renin and the 
activity of the renal vasopressor sj^stem, sympathectomy may thus interrupt for a 
time the progress of the disease. 

This would seem to be a •compromise statement, which leaves the 
reader somewhat doubtful. 

Friedman, Selzer and Rosenblum are in essential agreement 
with Page in regard to the relation of renal ischemia to experimental 
hypertension. They likewise have found that it is not necessary for 
the initiation or maintenance of experimental hypertension. 

Their observations were made on a group of hypertensive patients 
showing the disorder in varying grades of severity. They employed 
the usual clearance methods used for this purpose, including diodrast 
and inulin clearance. They found that in the majority of patients 
with hypertension effective renal blood flow was reduced somewhat, 
although glomerular filtration was approximately normal. The degree 
of elevation of diastolic pressure did have a direct bearing on the rate 
of blood flow and the glomerular filtration rate. It is interesting to 
note that observations on the group who showed intermittent or variable 
hypertension demonstrated that effective renal blood flow was normal 
in 2 patients who at the times of observation had normal diastolic blood 
pressures, but that in 2 others whose diastolic levels were only slightly 
elevated the flow was reduced. 

They noted the increased tonus in the efferent glomerular arteriole 
and suggest that this represents 

. . . the reflex or chemically motivated ability of these vessels to maintain an 
effective glomerular filtration pressure despite extra glomerular or intra glomerular 
hemodynamic changes, whether these changes were of pulse pressure or of blood 
flow. 

The further suggestion is made that the efferent arteriolar constriction 
in itself initiates renal ischemia. 

These observations are in essential agreement with those of Goldring, 
Chasis, Ranges and Smith,’--^ who studied the same procedures in 60 
cases of hypertension. They believe that the renal ischemia which is 
actually demonstrable, that is, constriction of the efferent arteriole of 
the glomerulus, is a sequel to the mechanism which initiates the hyper- 
tensive process. There is no evidence in their observations that renal 
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ischemia can be regarded as the cause of essential hypertension. Cer- 
tainly renal ischemia can initiate the mechanism of hypertension, but 
whether the secondary ischemia (as they regard it) associated with 
hypertonus of the efferent glomerular arteriole adds to the progress of 
the disease or is merely the result of some other initiating mechanism 
remains unanswered. 

They are also of the opinion that as a result of the hypotonus of the 
efferent glomerular arteriole there is progressive impairment of tubular 
function which progresses at different rates in different persons. In 
some subjects this tubular impairment seems to exceed impairment of 
glomerular function. 

Certainly there seems to be profound impairment of tubular func- 
tion and ultimately destruction, which appears to be the essential char- 
acteristic of the kidney of hypertension, inasmuch as most observers 
using these methods are in agreement. The suggested possibility for 
error lies in the interpretations placed on the results obtained by these 
methods. 

Chasis and Redish found that the process of tubular impairment 
progresses at the same rate in both kidneys of patients with essential 
hypertension when impairment is measured according to blood flow. 
The disturbance in blood flow and filtration rate is exactly the same. 
They found no evidence of unilateral ischemia. 

Wilkins and Duncan studied the effects of angiotonin in normal 
human subjects by intravenous infusion. Arterial hypertension can 
thus be produced and controlled by regulating the rate of administra- 
tion. This hypertension is accompanied by increase in cardiac size and 
decrease in cardiac output. There is a bradycardia, which the authors 
regard as vagal in origin. There are an increase in venous pressure, a 
decrease in vital capacity and an increase in circulation time. There 
were no significant electrocardiographic changes. There seemed to be 
some decrease in blood flow in the extremities. The patients experi- 
enced some nausea, headache, substernal oppression and palpitation. 

All of the effects disappear within a few minutes when administra- 
tion is stopped. If the substance is injected intradermally, local blanch- 
ing of the skin is said to occur. 

Abell and Page have also studied the effects of angiotonin, renin 
and other pressor substances on the blood vessels and compared the 
effects. These observations were made in transparent chambers in rab- 
bit’s ears. The results may be summarized as follows : Both renin and 
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angiotonin in small doses cause constriction of the arterioles. The 
capillaries are not affected, and the venules show but little evidence of 
constriction. The blood flow is not reduced under ordinary dosage. 
Parahydroxyphenylethylamine and methylguanidine sulfate act in the 
same general way. 

Equivalent amounts of epinephrine and pitressin result in extreme 
vasoconstriction of the arterioles. The constriction endures for a much 
longer time, and the peripheral blood flow is markedly reduced or 
abolished entirely. The venules also show a much more marked reac- 
tion, and the capillaries are not affected at all. 

Thus by direct observation it is noted that angiotonin and renin 
react in the manner postulated to fulfil the requirements for the hyper- 
tensive mechanism. That is, they elevate blood pressure by moderate 
arteriolar constriction but have no effect in reducing blood flow. The 
force of the heart beat is also increased. Parahydroxyphenylethylamine 
and methylguanidine act in a similar manner, but epinephrine and pitres- 
sin produce such extreme arteriolar constriction that blood flow is 
impeded. 

Landis observed the effects of heat-treated extracts of the kidneys 
obtained at autopsy from 16 persons with normal blood pressure and 
34 with well marked hypertension. Extracts from patients with benign 
hypertension and chronic glomerulonephritis used in the assay on 
anesthetized nephrectomized rabbits were without greater effect than 
those from patients with normal blood pressure. The extracts prepared 
from 4 patients with malignant hypertension all showed an augmented 
pressor activity but with a variation in activity which was so great 
that definite conclusions could not be drawn. Pressor substances were 
obtained from all kidneys studied. 

The pressor mechanism responsible for experimental hypertension, 
and probably for the clinical type, consists in the production by the 
kidney of increased amounts of renin. In the circulating blood this is 
altered by the renin activator, which is produced in the liver.^-® Angio- 
tonin, the actual pressor substance is thus produced. If the renin acti- 
vator is not manufactured by the liver in adequate quantity as a result 
of hepatic damage or by hypatectomy, blood pressure at the higher levels 
is no longer maintained. Animals in which the liver has been damaged 
or removed respond to injected angiotonin as before but not to renin 
alone. 

The question as to whether the vascular mechanism in hypertension 
is abnormally sensitive to normal amounts of pressor substance (angio- 
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tonin) has been answered in the negative, as far as experimental hyper- 
tension is concerned^-® Dogs with hypertension are no more susceptible 
to angiotonin than are normal animals. Renin, however, does cause a 
greater response, and this seems to be the result of increased formation 
of angiotonin within the animal from the combination of renin and its 
activator, which is apparently present in increased quantity in the 
liver of experimental animals. 

THE COUNTERPRESSOR MECHANISM 

Wakerlin and Johnson^®® have continued their observations on 
the production of what was thought to be an antisenun for dog renin 
in the rabbit and for hog renin in the dog. This has been extended 
to different species. It was found that antirenin could not be produced 
in homologous animals; that is, antirenin to rabbit renin could not 
be produced in the rabbit, but only in another species. But the anti- 
serums produced could neutralize the pressor effect of renin from other 
species as well. 

As the result of daily injections of hog renin, the blood pressures 
of hypertensive dogs fell strikingly. Heat-inactivated hog renin and 
active dog renin were without effect. The serums of the dogs treated 
with hog renin only neutralized the pressor effects of renin. Daily 
intramuscular injections given similarly to dogs with normal blood 
pressure seemed to prevent the development of hypertension when 
these animals were subsequently operated on. The authors do not 
attempt to explain these actions but suggest the development of an 
antihormone. 

Certainly it is impossible to make any estimate of the significance 
of these observations. 

Page and his co-workers have continued their observations of 
blood pressure-reducing extracts obtained from kidneys. There can 
be no doubt as to the presence of these substances, but so far their 
identity is not known, and the use of the extracts which the authors 
have obtained still yields occasional shocklike reactions. It is also 
still not possible to secure uniform preparations of high potency. The 
report alluded to here refers to observations on 280 hypertensive dogs, 
13 patients with malignant hypertension and 6 patients with hyper- 
tension in the so-called benign phase. 
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Similar results in the reduction of blood pressure of rats made 
hypertensive have been reported by Jensen and his associates.^^” They 
were able by the use of renal extracts to reduce the blood pressure in 
their experimental animals significantly. 

MEDICAL THERAPY OF HYPERTENSION 

Except for the experimental use of kidney extracts and improve- 
ments in surgical management there have been no advances in the 
management of hypertension with the possible exception of the use of 
vitamin A. No evaluation of this method has as yet been made. 

Govea Pena and Villaverde have treated 65 patients. Massive 
doses of vitamin A were used, as much as 180,000 international units 
daily. Within a few days lowering of pressure amounting to 30-50 mm. 
of mercury was noted. The dose was then reduced 50 per cent and 
continued for longer periods. The authors report prompt relief of the 
clinical symptoms, such as headache and vertigo. There were 4 patients 
with hypertension of the malignant type in the group, and they did not 
show any improvement. The authors recommend the administration of 
vitamin A by mouth. 

The use of thiocyanate drugs has apparently increased. Barker, 
Lindberg and Wald^®^ have an additional communication on the sub- 
ject. Their results are about as previously reported, with nearly 50 
per cent of patients significantly benefited when the concentration of 
these drugs in the blood was maintained within the effective range of 
8-12 mg. per hundred cubic centimeters. Improvement usually occurred 
in two to four weeks, but sometimes three months of therapy was 
required. They emphasize that doses must be individualized to meet 
the needs of each patient. 

There were no deaths from toxic reactions,^ and relatively few 
patients showed toxic reactions requiring discontinuance of the drug. 
There were no severe toxic manifestations as long as the blood level 
was kept below 20 mg. per hundred cubic centimeters. Mild toxic 
symptoms, fatigue, anemia and diy scaling skin were not uncommon 
after prolonged therapy. 

It is interesting to note that the authors state that in no case in 
which there was failure of response to thiocyanate therapy did splanchnic 
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section result successfully, but in such cases thiocyanates administered 
after surgical intervention produced a satisfactory response. No expla- 
nation is offered. 

Severe poisoning in experimental animals (40-65 mg. per hundred 
cubic centimeters of blood) did not result in parenchymal damage except 
to the liver and bone marrow. It is interesting that these results resem- 
bled those reported by Page and associates in their studies on the 
origin of the renin activator. The renin activator is produced in the 
liver, and it has been found that when the liver was damaged by carbon 
tetrachloride and alcohol, the production of renin activator failed. 

Most of the recent reports on the use of thiocyanates bear out in 
detail the views of Barker and associates in regard to toxicity, dangers 
and effectiveness. In fact, the results reveal an almost startling simil- 
arity in percentages of benefit. It would seem that this is the only 
medical treatment which shows any degree of specificity in results beyond 
what may be expected from sedative, symptomatic treatment. 

Among the papers presented in the past year on the subject the 
one by Kurtz, Shapiro and Mills is interesting and contains observa- 
tions which follow closely the results of Barker and co-workers. The 
first-named authors believe that the dangers of the proper use of potas- 
sium thiocyanate when blood levels are controlled weekly are small, 
but they emphasize that both the patient and the physician must be 
willing to cooperate fully in' the control of the blood levels. Treatment 
should not be offered to a patient Avho is unwilling to subject himself 
to this control. Organic heart disease and even rather marked degrees 
of renal impairment have not proved to be contraindications in the 
hands of these investigators. 

It is to be noted in this respect that Barker, Lindberg and Wald 
found that 2 patients with angina pectoris suffered attacks of precordial 
pain when their blood pressures reached too low a level. Reduction in 
dose and a restoration of a higher level of blood pressure resulted in 
relief. 

That the contrary is also true can be stated by one of us (G. W. S.) 
who has seen frequent episodes of precordial pain accompanying periods 
of elevation of blood pressure. When these higher ranges of pressure 
were controlled with tliiocyanate therapy, the episodes of precordial pain 
become much less frequent. Apparently, then, there is an optimal level 
of blood pressure for those patients with hypertension who have exten- 
sive visceral, particularly coronary, arteriosclerosis. 

Although emphasizing that thiocyanates are only an adjunct to the 
treatment of hypertension, Hines states that better results than ever 
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before are obtainable today by medical treatment with the controlled 
use of these drugs. He points out that there is a wide range of individual 
tolerance to these drugs and marked variation in the rate of elimination. 
This is in agreement with the observations of other authors, including 
Blaney, Geiger and Ernst, ^^7 made a carefully controlled study of 
the clinical use of thiocyanates by alternating periods of drug adminis- 
tration with periods during which a placebo was administered. No 
other treatment was used, and patients continued their daily routine 
of work, diet and rest, without alteration. The results obtained under 
this program were similar to those already discussed. About one-half 
the patients so treated were benefited. 

Caviness, Umphlet, Peasley, Bell and Satterfield^®® report similar 
results for a group of 120 patients. 

A CRITICAL REVIEW OF THE LITERATURE ON 
SURGICAL TREATMENT 

BY DR. DE TAKATS AND DR. MARCUS 
VENOUS THROMBOSIS 

A great deal of attention is focused on the early recognition of 
small, subclinical thrombi. In a significant article Bauer reiterates his 
previously expressed belief that a floating, femoral thrombus originates in 
the deep veins of the lower part of the leg and that it can be diagnosed 
by visualization of the superficial and the deep veins after injection of 
35 per cent diodrast. When an early limited area of venous occlusion 
is discovered, the choice of treatment is heparin, which is administered 
in intermittent doses of 100 mg. three times a day. Heparin was given 
until the pulse became normal, usually for three to five days. Of 21 
patients treated with nothing else but heparin, all were out of bed in six 
to eight days after the onset of symptoms. No further extension or 
embolization took place. Of 32 patients treated with lumbar sympathetic 
block, heat and elevation, the thrombosis remained localized to the lower 
portion of the leg in only 25 per cent; a propagation of the thrombus 
into the femoral vein took place in 75 per cent. In 31 per cent thrombosis 
became bilateral; in 16 per cent pelvic thrombosis occurred, causing 
1 death. Large or small pulmonary infarcts were seen. The average 
length of stay in bed was forty-three days. 

This small but carefully observed series seems to give heparin the 
first choice in the treatment of ascending thrombosis. Welch and 
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Faxon, who are equalty emphatic in emphasizing the value of veno- 
grams, distinguish between the inflammatory type of thrombophlebitis 
and the stagnant, bland phlebothrombosis. In the former type sympathetic 
block rapidly reduces temperature and edema; in the latter type ligation 
proximal to the thrombosed segment is recommended because of the 
danger of pulmonary embolism. In acute superficial phlebitis division 
of the saphenous vein at the groin is advocated; in deep phlebitis divi- 
sion of the femoral vein is done in all patients above the age of 40, as 
above this age the danger of embolism is markedly increased. Division 
of the femoral vein, preferably below the profunda, is indicated at any 
age if an infarct has already occurred. When infarcts have occurred 
but the source of thrombosis is not evident, venography is done on 
both sides, and if thrombosis is detected, ligation of the femoral vein on 
the corresponding side is undertaken. 

Equally active intervention is advocated by Starr, Frank and Fine.^‘‘’^ 
They believe in doing venography on both sides as thrombosis of the 
deep veins is frequently bilateral, and ligation of one femoral vein may 
be followed by pulmonary embolism from the other side. Fine and 
Sears advise routine ligation of the femoral vein when thrombosis 
of the deep veins of the lower portion of the leg is present or suspected. 
If the profunda and the saphenous vein are open, there is no permanent 
edema resulting from the ligation of the femoral vein. The authors feel 
that heparin is too expensive, its use requires a great deal of nursing 
care and its administration is a burden to elderly patients, who have to 
be kept immobilized with intravenous drip apparatus. 

Enthusiasm for venography is somewhat dampened by a report of 
Homans on thrombosis as a complication of injection of SO per cent 
diodrast. We have observed this ourselves in 2 patients. 

It is our impression that careful clinical observations may often 
reveal the site of thrombosis without venography; if a patient is young, 
and no infarct has occurred; elevation of the foot of the bed, active motion 
in bed and small doses of heparin injected intermittently can be tried; 
if an infarct has occurred, there can be no question about the advisability 
of a ligation proximal to the thrombus. It is obvious, however, that often 
a thrombus has already reached the iliofemoral vein by the time a 
surgeon sees a patient. He has, in that event, the choice of ligating the 
external or the common iliac vein or aspirating the clot through the 
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femoral vein. The latter method seems far simpler for the patient. 
Intermittent administration of heparin makes its use less cumbersome 
and also less expensive than the continuous drip metliod.^"*^ The recently 
advocated dicoumarin 3,3'-methylenebis-4-hydroxycoumarin,^^‘' inex- 
pensive and orally administered, is still not past the expeiimental stage. 
Its daily control by accurate determinations of prothrombin prohibits 
its use in the home or in the smaller hospital. Its damaging action on the 
liver is still not above suspicion. 

ARTERIAL OCCLUSIONS 

The management of acute embolic occlusions of peripheral arteries 
is discussed by Atlas.^^° He reports 2 cases in which minute emboli 
lodged in the periphery of the leg and gave rise to bilateral vasospasm 
of such magnitude that a saddle embolus of the aorta was simulated. 
In both cases the patients were treated conservatively, and within 
twenty-four and seventy-four hours, respectively, pulsations returned to 
the extremities. 

The conservative measures employed were; intravenous adminis- 
tration of papaverine, administration of heparin, protection of the limb 
by an unlighted cradle and wrapping the limb in cotton. After the 
initial spasm disappears, collateral circulation may be stimulated by 
mild local heat, rh 3 fthmic venous occlusion or suction and pressure 
therapy. Embolectomy is indicated if conservative measures fail to 
improve the ischemia. 

In 2 other cases resection of thrombosed segments due to periarteritis 
nodosa produced almost immediate release of the reflex spasm in the 
collateral bed. 

The observations of Atlas on the occurrence of small emboli pro- 
ducing ischemia out of proportion to the extent of organic occlusion 
are of great clinical interest. Certainly many massive arterial occlusions 
are preceded b)'- sliowers of just such emboli, and if they were promptly 
treated with antispasmodics and anticoagulants further emboli or super- 
imposed thromboses might be avoided. 

Individual cases of successful embolectomy, in which early diagnosis 
and postoperative heparinization were stressed, were reported by Ravdin 
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and Wood and Bancroft and Glick.^-*® Pratt reviewed 26 cases of 
arterial embolism in 12 of which embolectomy was performed, with 5 
survivals. He reports 1 remarkable case in detail in which clots were 
removed from both femoral arteries sixty hours after the onset of a 
saddle embolus. The left leg recovered, but the right leg had to be 
amputated. 

VASCULAR INJURIES 

Mason writes a timely article on the management of vascular 
injuries. Great improvement has been brought about by the use of 
blood transfusions when severe hemorrhage is encountered. Pie classi- 
fies most vascular injuries into those which demand immediate treat- 
ment and those in which a brief period of delay is permissible. There is 
finally a third group of those which come under observation at a late 
period. Traumatic aneurysms should not be operated on before the 
twelfth day after occurrence; this short delay gives sufficient time for 
the development of collateral circulation; the injured vessel may heal, 
and infection is less apt to occur. Occasionally, spontaneous healing 
may take place. The question of ligation versus suture is discussed in 
regard to war surgery. The dangers following ligation of large arterial 
trunks are especially great in an exsanguinated patient. These may be 
gangrene, trophic disturbances and muscle paralysis. To offset the 
results of sudden vascular occlusion caused by the ligature, certain 
mechanical and physiologic measures are available. Of the mechanical 
means, alternate suction and pressure, intermittent venous hyperemia 
and use of the Matas compressor are discussed. Preferred to these 
mechanical devices are the physiologic methods, such as sympathectomy 
or procaine block of the sympathetic nerves, which give striking improve- 
ment of circulation. Of course, arterial suture is always preferable to 
ligation except when severe infection is present or when ligation can be 
safely performed without jeopardizing the viability of the distal parts. 
The postoperative use of heparin has increased the number of favorable 
results. 

For arteriovenous aneuij^sms of longer standing, quadruple ligation 
with excision of the sac is recommended because it is easier to do and 
because there is sufficient collateral circulation. In the earlier cases trans- 
venous arterial suture is the method of choice. 
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The principles laid down in this paper are clearly defined and should 
be widely distributed to all those who may come in contact with war 
injuries involving large vessels of the extremities. Vascular injuries 
occur much more frequently during war than during peacetime. Their 
proper management may result in the saving of limbs and lives. Frac- 
tures, more dramatic and more mechanical, often overshadow concomitant 
impairment of circulation. 

ANEURYSMS 

Twenty-four cases of aneurysm of the abdominal aorta encountered 
at the Philadelphia General Hospital in ten years are reported by Eliason 
and McNamee.^®^ In only 10 cases of the series was the aneurysm 
syphilitic ; in the rest it was arteriosclerotic. In none of the cases was 
trauma an etiologic factor. In only half of the cases was the condition 
diagnosed correctly. The dominant symptom was pain, but its radiation 
was rather inconstant. Roentgenograms were made in 16 cases, in 11 of 
which erosion of vertebrae was evident. A pulsating mass could he 
felt in slightly over one half of the cases (54.1 per cent). Of the 16 
cases in which autopsy was done, in 10 the aneurysm was ruptured, 
retroperitoneally in 9 and into the jejunum in 1. Of the 8 cases in which 
necropsy was not done, there was clinical evidence of rupture in 2. 

Exploratory laparotomy was done in 7 cases, in 5 of which reparative 
work was done. In 3 cases the aneurysm was wired; in 1 case the 
left common iliac artery was ligated for ten days, and in another an 
arteriovenous anastomosis was attempted between the iliac vessels. 
Unfortunately, nothing is said about the results in the 5 cases. 

From Guy’s Hospital in London, Brock reports in detail a 
case of aneur 3 ’^sm of an innominate artery in which ligation was success- 
ful. The operation still remains formidable, but successes obtained amply 
justify further attempts of surgical therapy. 

Transthoracic, transpleural ligation of the first portion of the left 
subclavian artery is recommended by Touroff for aneurysms or other 
conditions requiring a proximal ligature. The approach is through the 
front after-division of the second and the third costal cartilage. After 
the pleura is entered and the lung permitted to collapse, the first por- 
tion of the subclavian or the innominate artery is easily indentified 
and tied. 

There is no danger of injury to the thoracic duct, the brachial plexus 
or adjacent large vessels at the root of the neck ; also removal of por- 
tions of the clavicle, the sternum or ribs becomes unneces^ry. Surgeons 

151. Eliason, E. L., and McNamce, H. G.: Abdominal Aneur 3 *sm: A Report 
of Twenty-Four Cases, Am. J. Surg. 56:590 (June) 1942. 

152. Brock, R. C.: Aneurysm of the Innominate Artery: Report of Case 
Treated Surgically, Gu.v’s Hosp. Rep. 90:180. 1940-1941. 

iSo. Touroff, A. S. W. : Transthoracic Transpleural Ligation of the First 
Portion of the Left Subclavian .'\rtcry, Surgery 10:747 (Nov.) 1941. 
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who have had to struggle in the past with aneurysms of the subclavian 
artery in the neck will welcome this approach. 

Richards and Learmonth performed a lumbar sympathectomy on 
the right side in a 30 year old patient, after which the right femoral 
artery was occluded by digital pressure for five minutes three times a 
day. The right foot was 11 C. warmer than the left one six days after 
sympathectomy. With these precautionary measures, an aneurysm of 
the right popliteal artery was excised, necessitating the ligature of the 
right popliteal and the right superior, medial and middle genicular 
arteries. After operation the right foot remained warmer than the 
left one, and muscle pain or wasting did not develop. The pedal pulses 
disappeared. 

In our experience the combination of preliminary sympathectomy 
with an excision of an aneuiysmal sac, especially in the. popliteal region, 
has been most gratifying. In elderly patients with arteriosclerotic 
aneurysm a sympathetic block with alcohol will occasionally suffice to 
bring on spontaneous clotting in the aneurysmal sac. 

Wildegans reports 55 cases of traumatic aneurysm. Lately arterio- 
graphy was employed to map out the extent and pattern of collateral cir- 
culation. He reports 7 cases in detail, in which one ligature and three 
lateral and one circular suture were done. Even in the circular suture 
he obtained good permeability of the artery. 

While such feats are undoubtedly possible, especially with the aid 
of heparin, ligation and resection with preliminary sympathectomy is 
undoubtedly the simplest method and the one that is best applicable 
to the surgery of war. 

Gamm reports a case of arteriovenous communication between the 
anterior tibial artery and vein, which followed the use of a Steinmann 
pin. The heart did not become enlarged, but pulse pressure and pulse 
rate were elevated. The oscillometric and temperature readings were 
higher on the affected side. Operation consisted of tying the vein and 
lateral suture of the artery. Heparin was given intravenously for forty- 
eight hours. The pulsation of the dorsalis pedis artery was preserved, 
which is truly an excellent result. 

CAROTID SINUS SYNDROME 

Ray and Stewart present 4 cases of hypersensitive carotid sinus 
reflex of the vagal type, in which the carotid sinus nerve and the 

154. Richards, R. B., and Learmonth, J. R. : Lumbar Sympathectomy in the 
Treatment of Popliteal Aneurysm, Lancet 1:383 (March 28) 1942. 

155. Wildegans, H.: Die Arteriographie bei traumatischen Aneurysmen, 
Chirurg 13:6 (Jan.) 1941. 

156. Gamm, K. E. : Arteriovenous Fistula, J. A. M. A. 119:134 (May 9) 194-. 
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the Carotid Sinus Reflex in Man, Surgery 11:910 (June) 1942, 
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carotid body were removed. The complaints were uniformly those of 
recurring' syncope. In all 4 cases bradycardia and syncope occurred 
when the carotid sinus was compressed. Pulse rate, blood pressuie and 
electrocardiographic changes were recorded during and after compres- 
sion, with and without protection with atropine. 

On exposure the carotid arteries showed signs of moderate to severe 
arteriosclerosis with visible atheromatous plaques in the walls. The 
patients’ ages varied between 58 and 68. After the operation there was 
no return of spontaneous attacks of syncope, and no changes could be 
induced by pressure on the carotid sinuses. During operation ether did 
not abolish the reflex response induced by pressure on the carotid 
sinus. The authors emphasize that the degree of response is in direct 
proportion to the suddenness and the amount of pressure on the carotid 
sinus. 

They also report a cerebral type of hyperactive carotid sinus reflex, 
in which cure followed the excision of tuberculous nodes in the neck. 

It is well to note that atropine given orally in the vagal type pro- 
duced tachycardia and the usual unpleasant symptoms but did not protect 
patients against syncope. The frequent occurrence of local changes in 
the arteries or adjacent soft tissues on the side from which the hyper- 
active reflex can be elicited suggests that the abnormal reflex does 
originate in the sinus. These results, supported also by some of our 
unpublished observations, suggest that the cerebral, central origin of 
these reflexes, postulated by some workers, is not substantiated at least 
for one group of cases. 

VASOMOTOR APPARATUS IN PERIPHERAL VASCULAR DISEASE 

Van Buskirk studied the recurrent branches of the communicating 
rami and found that some of them join anterior spinal roots at higher 
levels than the foramen through which they enter the vertebral canal. 
Such unmyelinated fibers may ascend as much as six or more segments. 
Thus an anatomic explanation is afforded for failure to obtain complete 
sympathetic denervation of the arm by extirpation of the stellate ganglion 
and the upper two or three thoracic segments of the sympathetic trunk. 
Fibers originating below the third thoracic segment ascend in the 
vertebral canal and may join the peripheral nerves of the upper extremity 
through the intervertebral foramens of the first thoracic and the lower 
cervical segments. If this work, done on cats, may be applied to human 
beings, it could explain some of the incomplete denervations or recur- 
rences in upper extremities. 

158. van Buskirk, C. : Nerves in the Vertebral Canal ; Their Relation to tlie 
Sympathetic Innervation of the Upper E.xtrcmities, Arch. Surg. 43:427 CSent') 
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Kuntz and Dillon found that in experiments on cats and monkeys 
reflex vasoconstriction of the digits of the upper extremity could be 
demonstrated after removal of the second and the third thoracic segment 
of the sympathetic trunk. They concluded that the first thoracic nerve 
must contain preganglionic fibers going to the upper extremity. If these 
conditions are present in human beings, complete sympathetic denerva- 
tion of the upper extremity cannot be accomplished by any surgical 
procedure which leaves the stellate ganglion with its gray communicating 
rami intact and which does not interrupt the preganglionic components 
of the first thoracic nerve. 

Because of a technical error in 1 of his cases Atlas was able to 
observe the effects of the isolated removal of the third dorsal ganglion, 
whereas, on the other side the white rami of the second ganglion were 
destroyed. On the side of the incomplete preganglionic section ’ the 
sympathetic denervation of the arm was incomplete. This is contrary 
to the experience of Livingston, who stated that removal of the third 
ganglion results in adequate s 3 'mpathectomy of the arm. Atlas stresses 
the importance of removing the third rib posteriorly and identifying the 
level of segments to be removed. 

These three articles are cited to present the still unsolved problem 
of freeing the upper extremity from vasomotor control. In previous 
reviews we have cited the contention of White and Smithwick, again 
expressed in their admirable monograph,^®^ that in the upper arm pre- 
ganglionic section is preferable to the postganglionic one. They have 
never found any reflex sweating or vasomotor activity after operation and 
have stressed various methods to prevent regeneration of the cut seg- 
ments. In addition to their work on patients, the work of Sheehan and 
Marrazzi may be cited ; the last-named authors failed to find any 
sympathetic fibers in the first thoracic segment of monkeys going to 
the upper extremity which could be detected by as sensitive a recording, 
mechanism as the cathode ray oscillograph. 

Clinically, it all revolves around the problem of resecting or leaving 
the first thoracic outflow intact. The test case is that of Raynaud’s dis- 
ease, in which most of the sensitizations, recurrences and regenerations 

159. Kuntz, A., and Dillon, J. B.: Preganglionic Components of the First 
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seem to occur. Personal observations on preganglionic and postgangli- 
onic sympathectomies performed on the two extremities of the same 
patients impress us at present with the superiority of preganglionic 
section. 

Hyndman and Wolkin submit considerable evidence that Raynaud’s 
disease is primarily not a disorder of the sympathetic nervous system 
hut, as contended by Lewis, is a local vascular fault. They attribute 
the beneficial effect of sympathectomy to the relief from pain due to 
exposure to cold. They also believe in the existence of afferent, pain- 
bearing sympathetic fibers, many of which course in the sheaths of major 
vessels. Their interesting line of thought, documented by careful clinical 
studies, is recommended for study to those working in this field. They 
feel that it is necessary only to remove the second thoracic ganglion in 
order to sympathectomize completely the upper extremity. The trauma 
incident to the removal of the stellate ganglion may be the reason for 
better results of the preganglionic section. 

Atlas describes a patient suffering from deep, constant, aching 
pain in an anesthetic area of hand and fingers which followed injury 
to the median nerve. He feels that the painful and trophic phenomena 
were caused by vasospasm due to sensitization of the peripheral vessels to 
epinephrine. The postganglionic fibers to these vessels were cut in the 
median nerve, A preganglionic sympathectomy gradually relieved the 
pain and cyanosis. 

The interpretation of these results is not easy. Other mechanisms may 
be suggested for the explanation of the relief from pain. The problem 
arising here is the same encountered in Sudeck’s atrophy, where sympa- 
thectomy relieves the pain presumably by washing out or neutralizing 
the pain substances arising from continuous efferent stimulation of pos- 
terior root fibers. 

Richter and Woodruff^®* describe a simple and accurate method 
for mapping out areas which have been sympathectomized. These areas 
show a high electrical resistance to the passage of a small direct cur- 
rent. The areas of high resistance produced by sympathectomy closely 
follow the sensory dermatomes. The method can be applied to determine 
the success of an operation or the presence of regeneration. 

We have used such a test several years ago and can fully confirm 
its accuracy and sensitivity. For practical purposes, however, the warm 
dry and cold damp areas in a sympathectomized limb can be readily 
detected by a palpating hand. Streaks of nondener\^ated segments cer- 

163. Atlas, L. N. : Further Observ’ations on the Etiologj' of Vasomotor Dis- 
turbances Following Peripheral Ner\'e Section, Surgery 10:318 (Aug.) 1941. 

164. Richter, C. P., and Woodruff, P. G.: Changes Produced by Sympathec- 
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tainly follow sensory dermatomes. Their presence should be looked for 
after all s3mipathectomies. 

Traumatic arterial spasm is of increasing importance during war. 
The use of violent traction methods may precipitate arterial spasm. 
Cohen feels that complete reduction of fractures may often be post- 
poned for a few days with greater safety. The effects of prolonged 
vasoconstriction and consecutive ischemia are so serious, especially in 
potentially or actually infected limbs, that every effort must be made to 
overcome arterial spasm. Early exploration seems to be the most reliable 
method to release vasospasm. 

Henry presents several cases of comminuted fractures in which 
peripheral vasospasm may inhibit normal healing. Because of impaired 
circulation under such circumstances infections are more apt to develop 
in spite of thorough debridement and therapy with sulfonamide com- 
pounds. Lumbar sympathectomy abolishes vascular spasm and creates 
favorable conditions for control of infection and repair. He advocates 
the routine use of lumbar sympathectic block in severe trauma to the 
lower extremities. 

Adams-Ray recommends injection of procaine into sympathetic 
ganglions after frostbite of the extremities. He believes that even after 
the action of cold has ceased, there remains persistent local' ischemia 
due to vasospasm, which produces painful sensory disturbances. The 
residual pain may also be due to injury to the local nervous tissue. 
Protracted and intractable sensory disturbances responded promptly to 
block of the sympathetic ganglions. 

Surgical treatment of the sympathetic nervous system in cases of 
arteriosclerosis and thromboangiitis obliterans is of no value, according 
to Pennoyer.’^®® When the nutrition of the tissues is impaired, the 
accumulation of metabolites produces arteriolar and capillary paralysis. 
This is the explanation of the pallor on elevation and rubor on dependence 
so commonly observed in such disorders. This metabolite control of 
circulation eliminates vasomotor control. Patients showing a rise - in 
cutaneous temperature after nerve block offer a favorable prognosis for 
nonsurgical therapy, as the arterial system is elastic enough to be capable 
of improvement. 

In our experience, removal of the vasomotor tone from a vascular 
tree with impaired circulation frees it from many repeated stimuli of 
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reflex or central origin and favors the action of conservative measures, 
which tend to accelerate the development of collateral circulation. This 
is true of certain types of Buerger’s disease and also some forms of 
arteriosclerosis in which vasospastic claudication develops.^® Atlas, 
however, has reported 3 cases of gangrene following lumbar sympa- 
thectomy. In all 3 the surface temperature of the feet rose appreciably 
after the operation, but nevertheless, patchy areas of necrosis appeared 
between one and two weeks after the operation, necessitating finally 
amputation through the thigh in all 3 cases. 

For many years we have treated certain arteriosclerotic occlusions 
by blocking sympathetic nerves with alcohol. Improvement and better 
response to conservative therapy have been occasionally striking. Patients 
with continuous and intractable pain at rest, however, are often on the 
verge of gangrene, and the lowering of blood pressure, slowing of cir- 
culation, or increase in the coagulability of the blood following operation 
may well be the straw that breaks the camel’s back. The explanation 
of Atlas, that arteriovenous shunts divert too much blood from the 
terminal vascular bed and the diversion is not compensated by increased 
flow from the collateral circulation, is a possibility which deserves 
further investigation. This report is a valuable warning to those doing 
sympathectomies for arteriosclerotic occlusion to regard continuous 
intractable pain at rest an immediate forerunner for gangrene. In fact, 
we believe that such a symptom defies all efforts at alleviation and indi- 
cates amputation. 

SURGICAL TREATMENT OF HYPERTENSION 

Powers and Murray present a case of juvenile hypertension 
following unilateral pyelonephritis. The affected kidney was removed 
together with the major part of the adrenal. The blood pressure fell 
postoperatively but not to a normal level. The result of the cold pressor 
test returned to normal. 

We have been rather disappointed with the effects of nephrectomy 
on hypertension in unilateral renal disease. The fact that one kidney 
is hypoplastic, contracted or functionless does not necessarily mean that 
its removal is followed b}'’ cure of the hypertension. Should the blood 
pressure begin to rise again, the patient, with hypertension and only 
one kidney, is in a less favorable position than before nephrectomy. It 
is our present impression that a bilateral splanchnic section should 
precede any nephrectomy; the latter operation might be tried if the 
splanchnic section has failed. 

169. Atlas, L. N. : Lumbar S}UTipathcctomy in the Treatment of Selected 
Cases of Peripheral Arteriosclerotic Disease, Am. Heart J. 22: 75 (July) 1941; 
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11. Gangrene Following Operation in Improperly Selected Cases, ibid 23:493 
(April) 1942. 
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From the Lahey Clinic Bartels, Poppen and Richards report on 
a series of 54 patients operated on for hypertension. Of these, 14 were 
operated on before 1935 and were not carefully selected. The operation 
before 1935 consisted of supradiaphragmatic splanchnicectomy and gang- 
lionectomy. Nine of the 14 died during an average of twenty months 
after operation of causes related to hypertension. Four patients are 
still alive, but their blood pressure is just as high as before the opera- 
tion. Another series of 41 patients operated on since 1935 was selected 
with definite criteria. They were under 40 years of age; their retinal 
vessels showed moderate sclerosis, and their hypertension was moderate 
to severe, with some fluctuation. They were subjected to a two stage 
subdiaphragmatic or transdiaphragmatic resection of the greater and the 
lesser splanchnic nerve and to the removal of the twelfth thoracic, the 
first lumbar and the second lumbar ganglion. The adrenal glands were 
visualized, and a biopsy specimen was taken from each kidney. If a 
sufficient amount of omentum was available, the left kidney was decap- 
sulated and a nephro-omentopexy was carried out. Two deaths occurred 
after operation. Thirty-four per cent of the patients had a satisfactory 
drop in blood pressure ; 26 per cent had a slight drop, and 39 per cent had 
no change at all. The average follow-up period was twenty-three months. 
Symptomatic improvement occurred in 71 per cent of patients, in spite 
of the fact that in half of them the blood pressure had not been altered. 
The authors feel that this high degree of symptomatic improvement 
justifies the operation, even though in only one third of the patients has 
the blood pressure been satisfactorily reduced. 

Woods and Peet^’’^ took as the basis of their comparison cases 
reported by Wagener and Keith, in which five to nine year mortality 
statistics were aA^ailable, and compared them with the mortality statistics 
of their seven years of follow-up records. In general, a favorable prog- 
nosis following operation seems to depend on the degree of retinal arteri- 
olosclerosis. In the malignant phase the mortality was 99 per cent in 
the medical, and 33 per cent in the surgical, series after five years. 

The h)"pertensive state was classified as early, moderate, marked 
and malignant (Keith- Wagener) in a series of 30 cases reported by de 
Takats, Heyer and Keeton.^'- Of the various technical methods for 

170. Bartels, E. C. ; Poppen, J. L., and Richards, R. L. ; Surgical Treatment 
of Hypertension (Results in Fifty-Four Cases), Lahey Clin. Bull. 2:197 (Jan.) 
1942. 

171. Woods, W. W., and Peet, M. M.: The Surgical Treatment of Hyper- 
tension : II. Comparison of Mortality Following Operation with That of Wagner- 
Keith Medically Treated Control Series; a Study of Seventy-Six Cases, Five to 
Seven Years After Operation, J. A. M. A. 117:1508 (Nov. 1) 1941. 

172. de Takats, G.; Heyer, H. E., and Keeton, R. W.: The Surgical Approach 
to Hypertension, J. A. M. A. 118:501 (Feb. 14) 1942. 



SCUPHAM ET AL.— VASCULAR DISEASES 


507 


splanchnic nerve section, the transdiaphragmatic approach, consisting of 
the removal of the major splanchnic nerve from the fifth dorsal root 
to its entrance into the celiac ganglion and the excision of the ganglio- 
nated sympathetic trunk from the ninth dorsal to below the second lumbar 
ganglion, has given by far the best results and the only real reductions of 
high blood pressure. When such an operation was undertaken in various 
stages of hypertension, the degree of structural involvement determined 
the results. The malignant phase in a series of 8 cases has shown itself 
refractory to surgical treatment. The selection of cases of the early phase 
of the disorder and the employment of the extended splanchnic section, 
as described by Smithwick, seemed to be the important factors in obtain- 
ing good results. Outside of the actual lowering of blood pressure, which 
in turn may result in the diminution of the size of the heart and in 
improved electrocardiograms, an improvement in renal function, a 
marked postural hypotension with decrease in venous pressure and a 
decrease in reflex nervous irritability due to adrenal denervation have 
been observed. The latter may well be responsible for the symptomatic 
improvement, such as loss of headaches, palpitation and nervousness. In 
a few cases muscular implants into the kidney have been undertaken. The 
ultimate value of this procedure is still under scrutiny. The value of 
biopsy of the kidneys in predicting the results to be expected has become 
more and more clear as longer periods of observation have become 
available. 

Crimson reviews his previous experimental work, which tended 
to show that more might be accomplished by total paravertebral sym- 
pathectomy than by splanchnic nerve section. The renal type of experi- 
mental hypertension remains uninfluenced by total sympathectomy, but 
neurogenic hypertension does respond, at least for a time. In human 
beings the operation was carried out in three stages, two thoracic and 
one abdominal. At each thoracic operation the stellate ganglion, the 
thoracic sympathetic ganglionated chain, the entire splanchnic nerve and 
its branches and the major part of the celiac ganglion of the side in 
question are removed. The third stage, which is not always done, con- 
sists of bilateral lumbar sympathectomy down to or including the fifth 
lumbar ganglion. Eleven patients were operated on, 8 of whom had 
only the thoracic procedures. One death occurred after the first, and 
one after the second stage. The response of the patients varied from 
transient fall in pressure, followed b}'- a restoration to almost the pre- 
operative level, to relatively normal pressures over a period of fourteen 
months. The lowering of blood pressure occurring after this extensive 
sympathectomy must be due to a decrease of peripheral resistance, since 
cardiorenal functions remain unchanged. 

173. Grimson, K. S. : Total Thoracic and Partial to Total Lumbar Sympathec- 
tomy and Celiac Ganglionectomy in tlie Treatment of Hvpertension. Ann Sunr 
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The author is careful in drawing an)’- conclusions as to the lasting 
merit of this surgical procedure. It appears, however, to lower blood 
pressure more consistently than does splanchnic nerve section. 

The correlation of the author’s experimental studies with his care- 
fully conducted clinical observations makes this one of the most valuable 
and sound contributions to the surgical treatment of hypertension. 
There is this to be said, however, before his surgical technic can be 
widely adopted, that the operation carries a definite mortality; it is 
more extensive and probably too severe for some patients, who would 
receive benefit from a less extensive procedure. Furthermore, by 
operating on patients with early stages of the disorder in the future 
less extensive operations may suffice, as shown by our own experience. 
Attention should also be called to the fact that renal and neurogenic 
hypertension may not be so readily differentiated in human beings. 
Possibly all renal pressor substances act through the vasomotor 
center.’^"^ 

AMPUTATIONS 


grenous 


Schlossmann and Gerber present a histologic study of 74 gan- 
extremities coming to amputation. The role of mural or 
intimal hemorrhage was emphasized as the most frequent factor pre- 
cipitating acute thrombosis. A classification of arterial lesions which 
ultimately produced gangrene and necessitated amputation was given 
as follows: 


Lesion 


Percentage 


Thrombosis secondary to hemorrhage 49 

Thrombosis on a plaque 7 

Massive hematoma of the -wall 1 

Arteriosclerosis 23 

Occlusion by granulation tissue 20 


A study of the atheroma, its capillarization and the state of its stroma 
showed that intimal hemorrhage was secondary to rhexis of the vascular 
channels traversing the necrotic atheroma. Intimal and medial capil- 
larization in arteriosclerotic vessels were traced both to the lumen 
and to the vasa vasorum. No difference was found between vascular 
sclerosis in diabetic and that in nondiabetic persons. 

The same conclusion regarding the lack of difference between dia- 
betic and nondiabetic arteriosclerosis was reached by Lisa, Magiday 
and Hart.’^"® Changes in the veins were different. Acute venous 
thrombosis of the larger radicals was encountered less frequently among 
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diabetic patients, and the same was true of phlebosclerosis. Lymph- 
angitis was encountered in the presence of infection, whether diabetes 
was present or not; pathologic changes in the nerves could not be 
demonstrated in either group. Dry gangrene occurred with frequency 
in both groups. 

Macey and Bickel present a ten year review of 264 amputations 
of lower extremities in patients with occlusive arterial disease. The 
clinical diagnoses were thromboangiitis obliterans, arteriosclerosis 
obliterans with and without diabetes and acute arterial occlusion. In 
amputations through the thigh a long anterior and a short posterior 
flap was used. Alcohol or procaine hydrochloride was injected into 
the large nerves before they were severed. Below the knee a long 
posterior and a short anterior flap was used. The crest of the tibia 
was beveled and the fibula sectioned 1 to 2 inches (2.5 to 5 cm.) higher 
than the tibia. The wounds were all closed snugly except in the 
presence of lymphangitis or cellulitis. Gas gangrene was a potential 
complication in the presence of an open lesion with gangrene. 

Twenty-five patients with thromboangiitis obliterans who were 
operated on below the knee had complications, with 22 reamputations ; 
3 patients had amputations through the thigh, with reamputation neces- 
sary in 1 case. One patient was opei'ated on through the knee joint 
(Gritti-Stokes), and it was necessary to reamputate the leg above the 
knee. Of 63 patients without complications, amputation was through 
the lower part of the leg in 38, the thigh in 29 and the knee in 1. 

Of 80 patients with arteriosclerosis obliterans without diabetes, 
postoperative complications developed in 22 and 13 died. Of the 13 
who died, 12 had amputations through the thigh and 1 below the knee. 
The remaining 9 had difficulties with the stump healing, and 6 patients 
had to have reamputations. 

Of 61 patients suffering from arteriosclerosis with diabetes, 18 had 
complications due to impaired circulation, sloughing or infection in the 
stump and 2 had gas gangrene. Seven of these 20 patients died. 

Of the 16 patients with acute ai'terial occulsion, 4 died. These had 
associated diseases, 3 having rheumatic cardiac lesions. Fifteen ampu- 
tations were done through the thigh, and 1 disarticulation was done 
through the hip joint. The popliteal ai'tery was occluded in 10 patients, 
the femoral artery in 5 and the posterior tibial artery in 1. In 9 of 
the 16 patients the postoperative course was uneventful; in 2 patients 
healing was delayed. In another patient reamputation was required. 
Acute arterial occlusions seemed to be more frequent on the right side. 

The number of reamputations and the poor results of amputations 
through the lower portion of the leg are the two striking features of this 

177. ]\Iacc 3 ', H. B., and Bickel, W. H. ; Amputation of Lower Extremities in 
Occlusive Arterial Diseases: A Ten-Year Review, Surg., Gynec. & Obst. 74:821 
(April) 1942. 
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review. It is our belief that a close study of the level of circulatory 
insufficiency minimizes the necessity for reamputations. It is also our 
impression that hapless amputations of the lower portion of the leg show 
a much larger percentage of primary union than the method used by 
the authors. Also, amputations following acute arterial occlusions 
should not be delayed until demarcation occurs. 

Amputation of gangrenous parts by a necrotizing chemical agent 
is described by Mohs, Sevringhaus and Schmidt.’^'^® This chemical 
escharotic stimulates the development of an exceptionally healthy, highly 
vascular and germ-resistant granulation tissue. The technic used is to 
surround the gangrenous part with this fixative, which consists of a 40 
per cent concentration of zinc chloride in a plastic base and which is 
applied about 2 mm. thick for twenty-four hours. There is no pain 
or bleeding, and the patient may walk around during the healing. The 
necrotic tissue is always cut through fixed tissue. Of a series of 66 
cases, complete separation and healing occurred in 60.6 per cent. Fail- 
ure in 10 cases was due to incomplete separation of the basal layer. In 
6 cases there was extension of the gangrene; in 4 cases the patients 
signed their releases before completion of treatment, and in 4 cases the 
patients died of intercurrent diseases before healing occurred. No 
deaths were attributed to this procedure, and no breakdown of the 
scar occurred once healing took place. 

The criteria which seemed to offer a favorable response to this treat- 
ment were (1) diabetic gangrene, for which the prognosis is better 
than for senile arteriosclerosis; (2) young patients, for whom the 
outlook is better; (3) patients showing good demarcation, in whom 
the response is better ; (4) evidence of good reaction from living tissue ; 
(5) strong pulsation of pedal arteries, and (6) good histamine flares 
on the foot. A high degree of arteriosclerosis offered a poor prognosis. 

If this method proves to be successful in other series of cases, much 
will have been accomplished for a large group of elderly arteriosclerotic 
patients, in whom gangrenous toes with intractable pain necessitate a 
major amputation. Most of these patients are too feeble and too poor 
to hope for rehabilitation. The method certainly deserves trial, and 
further reports will be awaited with interest. 

6 North Michigan Boulevard. 

122 South Michigan Boulevard. 

303 East Superior Street. 

Michael Reese Hospital. 

178. Mohs, F. E.; Sevringhaus, E. L., and Schmidt, E. R. : Conservative 
Amputation of Gangrenous Parts of Chemosurgery, Ann. Surg. 114:274 (Aug.) 
1941. 



News and Comment 


American Association for the Advancement o£ Oral Diagnosis. The 
ninth annual congress of the American Association for the Advancement of Oral 
Diagnosis, v.-ill be held in Boston November 12 and 13 at the Forsyth Dental 
Infirmary'. 

The subject of this year's congress will be “The Military Aspects of Oral 
Diagnosis.” 

Members of the medical and the dental profession in the United States and 
the countries of the Western Hemisphere who are interested are cordially invited 
to attend and may obtain programs by communicating with the secretary, 
H. Justin Ross, 515 Madison Avenue, New York. 

Federation Proceedings. — ^The Federation of American Societies for Experi- 
mental Biologj', composed of the American Physiological Society', the American 
Society of Biological Chemists, the American Society for Pharmacology and 
Experimental Therapeutics, the American Society for Experimental Pathology, 
the American Institute of Nutrition and the American Association of Immun- 
ologists, has begun (1942) the publication of the Federation Proeeedings. 

Four issues will be published annually. Each year the Ivlarch issue will 
contain the complete federation program of the scientific sessions of all the 
component societies as prepared for the forthcoming annual meeting, with abstracts 
of all scientific papers to be presented; the June and September issues will 
contain the full teret of twenty or more papers presented at the annual meeting, 
including probably the papers on the Joint society program and papers of several 
society sj-mposiums; the December issue will contain material pertinent to the 
federation membership, i. e., the names of the officers and the membership list, 
together with an index of the completed volume. 

The subscription price is .*4 ($4.75 foreign), payable in advance. Subscriptions 
should be sent to Dr. D. R. Hooker, iManaging Editor, 19 West Chase Street, 
Baltimore, }ild. 
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Book Reviews 


A Manual of Pharmacology and Its Applications to Therapeutics and 
Toxicity. By Torald Sollmann, M.D. Sixth edition. Price, §8.75. Pp. 
1,298. Philadelphia : W. B. Saunders Compan}’’, 1942. 

The sixth edition of this book on pharmacology is welcomed. The plan of 
this edition conforms to that of the fifth. The material is presented as before, so 
that the manual can be useful as a book for students and as a reference volume. 
The important general information of interest to students is presented in large 
type, while experimental details are printed in fine type. The author continues to 
increase the use of English terminology, although Latin terms are also given. This 
edition is larger than the preceding one. There is an extensive bibliography at 
the end of the book. 

The reviewer considers it unfortunate that the author has not included a 
section on vaccines and serums. This certainly is an important aspect of pharma- 
cology and therapeutics. The use of such agents is not only important during 
peacetime but is extremely important at present, when so many people from 
many sources are being congregated. Again, with a right increase in the emphasis 
on the prevention of disease in therapeutics, there is a need for greater emphasis 
on prophylaxis in textbooks on pharmacology. The section on the sulfanilamide 
compounds is well, but too brieflj% presented. A more complete discussion is indi- 
cated when one realizes the extent to which these drugs are being employed by 
physicians throughout the world. The significance of these criticisms should not 
be overemphasized. The volume continues to be excellent and is recommended 
highly for a concise and crisp discussion of therapeutic agents. 

The Eye Manifestations of Internal Diseases. By I. S. Tassman. Pp. 542, 
with 201 illustrations, including 19 in color. St. Louis: C. V. Mosby Com- 
pany, 1942. 

The reviewer was somewhat disappointed after seeing the title of this book 
to find many of the discussions of ocular manifestations of internal disease to be 
inadequate. He was unable to find in the index a reference to “vitamins” or to 
“riboflavin.” Night blindness is dealt with in a line which says it may be due 
to lack of vitamin A. The discussion of progressive exophthalmos in relation 
to thyroid disease is not really adequate nor is the discussion of the ocular changes 
associated with renal disease. It is the reviewer’s impression that this book is 
the work of an ophthalmologist who has made a good effort to deal with the 
ocular phases of internal disease but who could perhaps profit by collaboration 
with a well trained internist. 

The Biology of the Negro. By Julian Herman Lewis. Price, §5. Pp. 433, with 
17 tables. Chicago: The University of Chicago Press, 1942. 

In clinics dealing with many Negro patients physicians are prone to make 
dogmatic statements about differences in the way disease manifests itself in 
Negroes and in white persons. That 'most of these popular views are not founded 
on actual fact is immediately obvious when one looks through Lewis extraor- 
dinarily thorough and well documented book on every aspect of tlie anatomy, 
the biology and the disease characteristics of the Negro. Almost any disease 
can be found in the index, and reference to the pages dealing with it invariably 
yields a complete and satisfactory discussion. This contribution, of the first 
will be invaluable to all physicians, especially those working in southern clinics. 

Dermatologic Therapy in General Practice. By Marion Sulzberger and 
Jack Wolf. Price, §5. Pp. 632, with 67 figures and 25 tables. Chicago: 
The Year Book Publishers, Inc., 1942. 

This highly practical book by well known specialists in dermatologj' seems to 
fill the needs of a general practitioner in connection with cutaneous disease. 1 lere 
are manj' excellent illustrations and large numbers of prescriptions for lotions, 
salves, etc. Physical therapy and irradiation therapy arc also adequatelj ea 
with. 
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PHILADELPHIA 

During the past few years an increasing amount of attention has 
been given to a pneumonic syndrome which differs sharply from 
pneumococcic lobar pneumonia and from other familiar pneumonias of 
known causation. It has occurred in two general forms, one represented 
by a small proportion of cases of pneumonic involvement in epidemics 
of mild disease of the respiratory tract, like those cases described by 
Bowen,^ Allen - and most other authors, and the other represented by 
isolated, sporadic, nonseasonal cases of severe disease, occurring chiefly 
in persons over 30 years of age. In the former the incubation period 
appears to be a matter of a few days, and in the latter it is longer, up 
to two weeks or more. Both forms are characterized by a gradual onset 
with dry inflammation of parts or all of the mucosa of the respiratory 
tract ; chills or chilliness ; slowly rising fever lasting one to three weeks 
and falling by lysis ; delayed signs of migratory pneumonia, often bilateral ; 
relative bradycardia; unproductive cough; headache; photophobia; 
sweating, and a normal leukocyte count. Therapy with sulfonamide 
compounds has no influence on the course of the disease ; complications 
are rare, and the mortality rate is practically nil. Because of inability 
to associate any bacteria with the disease and because of epidemiologic, 
clinical and pathologic resemblances to certain pneumonias caused by 
filtrable viruses, a virus was surmised to be the cause,^ and the term 
“virus” pneumonia came into common usage. Some persons prefer to 

From the Department of Medicine, Jefferson Medical College Hospital. 

1. Bowen, A.: Acute Influenza Pneumonitis, Am. J. Roenteenol 24 * 174 

(Aug.) 1935. ».ioa-i/4 

2. Allen, W. H.: Acute Pneumonitis, Ann. Tnt. Med. 10:441-446 (Oct') 

(Footnotes continued on next page) 
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call the disease “atypical” pneumonia, which seems too vague, since 
any pneumonia not conforming to the typical lobar form is atypical. 
Such an ambiguous term as “t3'^pical atypical” pneumonia has already 
been employed. Many other clinically and anatomically descriptive 
names have been used, as is evident in the titles of the appended 
references, but until its apparent diverse origin is discovered, confusion 
in classification must be expected. 

During an epidemic of mild disease of the respiratory tract in the 
winter of 1939-1940 ^ a small number of cases of a severe form were 
encountered at the Jefiferson Medical College Hospital, and the condition 
was tentatively regarded as “virus” pneumonia because of a similarity 
to the severe nonseasonal, sporadic disease observed the year before.® 
However, in 1941 and 1942 26 more cases of isolated, sporadic, non- 
seasonal disease occurred, which on epidemiologic grounds suggests that 
the etiologic agent of the epidemic form and that of the sporadic form 
may be different. In the last two years we have encountered 4 cases 
in October, 5 in December, 8 in January, 3 in February, 2 in March, 
2 in April and 2 in May. The total number comprised about 15 per 
cent of all cases of primary pneumonias studied in the hospital in the 
same years. 

Since “virus” pneumonia is rarely fatal in adults, only 2 necropsy 
reports on patients regarded as having the disease are available. In 
both instances ® the histologic reaction in the lungs was composed 
chiefly of mononuclear cells, and no bacteria were present. This cellu- 
lar response occurs in pneumonias caused by known filtrable viruses 
and, together with the presence of cytoplasmic inclusion bodies in the 
lungs of infants dying from a form of “virus” pneumonia,® supports the 
concept of virus causation. On the other hand, a similar histologic 
reaction is evoked by Haemophilus pertussis, Pasteurella tularensis. 
Toxoplasma, toxins and irritative chemicals, so that opinion cannot 
be based on pathologic changes alone. 

3. (a) Reimann, H. A.: An Acute Infection of the Respiratory Tract with 
Atypical Pneumonia : A Disease Entity Probably Caused by a Filtrable Virus, J. A. 
M. A. 111:2377-2384 (Dec. 24) 1938. (6) Reimann, H. A., and Stokes, J., Jr.: 
Epidemic Infection of the Respiratory Tract in 1938-1939: A Newly Recognized 
Entity, Tr. A. Am. Physicians 54:123-127, 1939. 

4. Reimann, H. A., and Havens, W. P. : An Epidemic Disease of the Respira- 
tory Tract, Arch. Int. Med. 65:138-150 (Jan.) 1940. 

5. Kneeland, Y., and Smetana, H. F. : Current Bronchopneumonia of Unusual 
Character and Undetermined Etiology, Bull. Johns Hopkins Hosp. 67:229-267 
(Oct.) 1940. Longcope, W. T. : Bronchopneumonia of Unknown Etiology (Variety 
X) : A Report of Thirt 3 '-Two Cases with Two Deaths, ibid. 67:268-305 (Oct.) 
1940. 

6. Adams, J. M. ; Green, R. G. ; Evans, C. A., and Beach, N. : Primary Virus 
Pneumonitis: A Comparative Study of Two Epidemics, J. Pediat. 20:405-420 
(April) 1942. 
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Our only fatality in 1941-1942 occurred in a woman aged 49, who 
died on the twenty-second day of illness. Chronic pyelonephritis, acute 
focal hepatitis and bilateral pneumonia were encountered post moitem. 
Histologically, the alveolar exudate was uncharacteristic, consisting pre- 
dominantly of polymorphonuclear cells, and an occasional alveolus was 
lined with a hyaline membrane. No bacteria were seen in stained sections 
from the pneumonic areas, and cultures from various areas were sterile. 

ETIOLOGIC STUDIES 

Since the first etiologic studies on the problem were made in 1938 ® 
a surprising array of diverse agents were found to cause the syndrome 
called “virus” pneumonia, but in most cases attempts to isolate a filtrable 
virus from blood, secretions and the lungs have failed. In the first 
trials a filtrable agent was recovered from 2 patients but was lost in 
animal passage before its etiologic relation could be tested,’^ Martin 
and Fairbrother ® reported a similar experience. Weir and Horsfall® 
isolated a virus virulent for mongooses from patients with a disease 
ostensibly “virus” pneumonia. The virus was specifically neutralized 
by convalescent serum from infected animals and also by serum from 
tbe patients from whom the virus appeared to have come. 

In 1938 Francis and Magill reported the isolation of an unusual 
virus from patients with an influenza-like disease. The virus caused 
meningitis and pneumonia in inoculated animals and was named the virus 
of meningopneumonitis. Retrospective tests on some of the patients 
gave indirect evidence that they had been infected with the Virus of 
influenza B. It is therefore uncertain whether the virus of meningo- 
pneumonitis came from the patients and was etiologically related to their 
disease or whether it was of animal origin. The authors pointed out 
the resemblance of the virus to the viruses of lymphogranuloma 
venereum, psittacosis, lymphocytic choriomeningitis and Theiler’s 
encephalomyelitis of mice. 

Eaton, Beck and Pearson studied a localized outbreak of 6 cases 
of severe atypical pneumonia, 3 of them fatal. In 4 cases a virus was 
isolated which was similar to, yet not identical with, the virus of 

7. Stokes, J., Jr.; Kenney, A. S., and Shaw, D. R.: A New Filtrable Agent 
Associated with Respiratory Infections, Tr. & Stud., Coll. Physicians, Philadelphia 
6:329-333 (Feb.) 1939. 

8. Martin, A. E., and Fairbrother, R. W. : An Epidemic of Apparent Influenza 
Lancet 2:1313-1315 (Dec. 23) 1939. 

9. Weir, J. M., and Horsfall, F. L., Jr.: Thfe Recovery from Patients with 
Acute Pneumonitis of a Virus Causing Pneumonia in the Mongoose, J. Exper Med 
72:595-610 (Nov.) 1940. 

10. Francis, T., Jr., and Magill, T. P. : An Unidentified Virus Producing 
Acute Meningitis and Pneumonitis in Experimental Animals, J. Exper Med 68° 
147-160 (Aug.) 1938. ‘ ' ’ 
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psittacosis. Curiously, this new psittacosis-like virus is also related to, 
or is identical with, the virus of meningopneumonitis, as shown by 
reciprocal complement fixation and active immunity tests in mice. A 
subsequent report by Rake, Eaton and Shaffer added another unsus- 
pectedl}' related virus to the group, namely, that of lymphogranuloma 
venereum. Each of these viruses — that of psittacosis, of a psittacosis- 
like infection, of meningopneumonitis and of lymphogranuloma venereum 
— causes meningitis, pneumonia and granulomatous infiltrations in the 
skin in experimental animals. The lesions in each infection are micro- 
scopically indistinguishable. Eurthermore, serum from numerous 
patients with atypical pneumonia fixed the antigens of meningopneu- 
monitis, psittacosis and lymphogranuloma venereum, and a cutaneous 
test with antigen of the last-named disease (the Frei test) gave positive 
results in 5 of 8 cases. This evidence of striking immunologic rela- 
tion of the four viruses, together with their morphologic and tinctorial 
resemblances, suggest that the viruses belong to a closely related group 
and may have originally arisen from a parent strain, probably residing 
in animals or birds, which subsequently has become diversified by pas- 
sage and adaptive residence in different hosts and tissues.^® 

Of further interest in this respect is the occurrence of “fulmar” 
psittacosis apparently contracted from marine birds, as reported from 
Scandinavia,^^ of the isolation by Pinkerton and Swank of another 
psittacosis-like virus from pigeons and the report of a case of probable 
psittacosis thought to have been contracted from pigeons.^® 

Meyer, Eddie and Yanamura isolated the virus of a psittacosis-like 
disease from the lung of a patient who had been in contact with pigeons, 

11. Eaton, M. D. ; Beck, M. D., and Pearson, H. E. : A Virus from Cases of 
Atypical Pneumonia: Relation to the Viruses of Meningopneumonitis and Psitta- 
cosis, J. Exper. Med. 73:641-654 (May) 1941. 

12. Rake, G. ; Eaton, M. D., and Shaffer, M. F. : Similarities and Possible 
Relationships Among Viruses of Psittacosis, Meningopneumonitis, and Lympho- 
granuloma Venereum, Proc. Soc. Exper. Biol. & Med. 48:528-531 (Nov.) 1941. 

13. Eaton, M. D. ; Martin, W. P., and Beck, M. D. :• The Antigenic Relation- 
ship of the Viruses of Meningopneumonitis and Lymphogranuloma Venereum, J. 
Exper. Med. 75:21-33 (Jan.) 1942. 

14. Rasmussen, R. K. : Ueber eine durch Sturmvogel ubertragbare Lung- 
enerkrankung auf den Faroern, Zentralbl. f. Bakt. (Abt. 1) 143:89-93 (Dec. 30) 
1938. 

15. Pinkerton, H., and Swank, R. L. : Recovery of a Virus Morphologically 
Identical with Psittacosis from Thiamin-Deficient Pigeons, Proc. Soc. Exper. Biol. 
& Med. 45:704-706 (Nov.) 1940. 

16. Alicandri, H.: Psittacosis, J. A. M. A. 118:1214 (April 4) 1942. 

17. (a) kleyer, K. F. : Pigeons and Barn Yard Fowls as Possible Source of 

Human Psittacosis or Ornithosis, Schweiz, med. Wchnschr. 71:1377-1379 (Nov. 1) 
1941. (6) Aleyer, K. F. ; Eddie, B., and Yanamura, H. Y. : Ornithosis (Psitta- 

cosis) in Pigeons and Its Relation to Human Pneumonitis, Proc. Soc. Exper. Biol. 
&Med. 49:609-615 (April) 1942. 
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many of which also proved to be infected with the same virus. Another 
patient apparently contracted the disease from infected chickens. Meyer 
named the disease ornithosis to distinguish it from infection peculiar to 
psittacine birds. 

Smadel and his associates studied 2 unusual fatal cases of lympho- 
cytic choriomeningitis, in both of which patchy pneumonic areas com- 
posed largely of mononuclear cells were present. In 1 case pneumonia 
was the sole lesion encountered post mortem. During the illness there 
was evidence of infection of the respiratory tract, but no clinical diag- 
noses could be made. The causative virus was isolated from the blood, 
the lungs and brain tissue. 

Other recently discovered infections characterized by atypical pneu- 
monia which clinically may resemble “virus” pneumonia are Q fever,-® 
coccidioidomycosis and toxoplasmosis,-- yet the agents causing them 
are not viruses and seem unlikely to have been the' cause of the wide- 
spread infection called “virus” pneumonia. 

The possible relation of the psittacosis virus or the virus of a psit- 
tacosis-like infection (ornithosis) to the condition described as “virus” 
pneumonia is of great interest. It may be recalled that psittacosis was 
strongly considered in differential diagnosis in most of our cases ^ and 
also in the cases reported by other authors.^^ Complement fixation 
tests for psittacosis were therefore made by Miss Margaret Wall, of 
the Hospital of the Rockefeller Institute, under the direction of Dr. 
Joseph E. Smadel, on serum from 8 recently ill patients and from sev- 
eral of those described in previous reports. The test gave a positive 
result in the following 4 instances. 

18. Meyer, K. F., and Eddie, B. ; Spontaneous Ornithosis (Psittacosis) in 
Chickens the Cause of a Human Infection, Proc. Soc. Exper. Biol. & Med. 49:522- 
525 (April) 1942. 

19. Smadel, J. E. ; Green, R. H. ; Paltauf, R. M., and Gonzales, T. A. : Lympho- 
cytic Choriomeningitis: Two Human Fatalities Following an Unusual Febrile 
Illness, Proc. Soc. Exper. Biol. & Med. 49:683-686 (April) 1942. 

20. Dyer, R. E. ; Topping, N. H., and Bengston, I. A.: An Institutional Out- 
break of Pneumonitis: II. Isolation and Identification of Causative Agent, Pub. 
Health Rep. 55:1945-1954 (Oct. 25) 1940. 

21. Farness, O. J.: Coccidioidomycosis, J.. A. M. A. 116:1749-1752 (April 19) 
1941. 

22. Pinkerton, H., and Henderson, R. G. : Adult Toxoplasmosis : A Previously 
Unrecognized Disease Entity Simulating the Typhus- Spotted Fever Group JAM 
A. 116:807-814 (March 1) 1941. 

23. Dochez, A. R., in discussion on Reimann and Stokes,3b pp. 127-128. Maxfield, 
J. R.: Atypical Pneumonia with Leukopenia, Texas State J. Med. 35:340-346 
(Sept.). 1939. Enders, J. F.: Psittacosis: Virus and Rickettsial Disease 
Cambridge, Harvard University Press, 1940, pp. 529-554. 

^ 24. Meyer, K. F., and Eddie, B. : The Value of the Complement Fixation Test 

in the Diagnosis of Psittacosis, J. Infect. Dis. 65:225-233 (Nov.-Dee.) 1939. 
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Case 1. — F. C., aged 50, had a severe shaking chill which lasted about twenty-five 
minutes on Dec. 20, 1941. Her temperature was then 38 C. (100 F.) and the leuko- 
cyte count 10,000. She was given a course of sulfadiazine (2-[paraaminobenzene- 
sulfonamido] -pyrimidine) therapy by her own physician, without effect. Later the 
temperature varied between 39 and 40 C. (102 and 104 F.). There were dry, 
hacking, paroxysmal cough and profuse sweats requiring change of bed clothing. 
Chills recurred on three further occasions. 

The patient came to the hospital on the fifteenth day of illness, with high 
fever, malaise and cough. She appeared to be moderately sick; the temperature 
was 39.5 C. (103 F.), the pulse rate 95 per minute and the respiratory rate 24 per 
minute. Besides an unusual redness of the oral mucous membrane, a few tender 
cervical lymph nodes and a small area in the right mammary region where a few 
seemingly unimportant rales were heard, there were no helpful diagnostic features. 
The leukocytes numbered 6,800; the sedimentation rate was rapid, 34 mm. in 
twenty-five minutes, and a blood culture was sterile. Tentative diagnoses of typhoid 
fever, tuberculosis and rheumatic fever were made. On the following day roentgen 
study showed a surprisingly large dense homogeneous shadow in the lower portion 
of the upper lobe of the right lung, suggesting lobar pneumonia. No abnormal 
physical signs were heard over this area, and without roentgen study the extensive 
involvement would have been overlooked. 

The temperature persisted at a high level of 39.5 to 40 C. (103 to 104 F.) until the 
twenty-second day of illness, when each successive swing was lower, and finally it 
became normal on the twenty-ninth day. The pulse rate remained fairly constant 
at 100 per minute. The respiratory rate rose from 22 to 30 per minute on the twenty- 
second day. Profuse sweating occurred the following day. The highest leukocyte 
count was never over 10,000 and was without an unusual proportion of cells. Head- 
ache was severe during the second week, but there was only an occasional slight 
cough, without sputum, in spite of the striking shadows in the lung. Subsequent 
roentgenograms showed a further spread, then a melting, of the density in the upper 
lobe of the right lung, and on the twenty-third day the whole lower lobe became 
clouded, but never as densely as the upper lobe. The shadows disappeared four 
weeks after the onset of the disease. No abnormal physical signs except fine rales 
in the right mammary and axillary areas and at the base of the right lung posteriorly 
were ever heard. 

A Frei test made on the seventh day of convalescence with lymphogranuloma 
venereum antigen prepared both from chick embrj^o and from mouse brain yielded 
negative results. The results of complement fixation tests for psittacosis were 
positive in the following dilutions : twenty-third day after the onset of illness, 1:8; 
thirtj'-fifth day, 1:32; eighth week, 1 : 256, and twelfth week, 1 : 128. 

The results of the complement fixation test suggest that the patient was infected 
with the virus of psittacosis, of a psittacosis-like disease (ornithosis) or of meningo- 
pneumonitis. 

Case 2. — C. O., aged 45, went to bed with a “head cold” and malaise about Dec. 
13, 1941. He failed to improve and on the third day began to cough and have 
chilly sensations. Headache was severe. Repeated examinations of the chest failed 
to reveal abnormal signs until the sixth day, when rales were heard in the lower 
lobe of the right lung. The patient was admitted to the hospital on the ninth day 
of illness, ■with the diagnosis of “virus” pneumonia. There were paroxysmal, unpro- 
ductive cough and slight dulness and rales in the lower lobe of the right lung. Tiie 
temperature was 40 C. (104 F.) ; the pulse rate averaged 90 per minute, and the 
respiratory rate was 25 per minute. There was no sputum to examine, and a smear 
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and a culture of the pharyngeal exudate revealed nothing of importance. The leuko- 
cytes numbered 8,000 per cubic millimeter. 

There were several profuse sweats ; the temperature after another peak at 40 C. 
(104 F.) declined gradually and reached normal on the fifteenth day of illness. 
Convalescence was uneventful. Serum taken on the twenty-fourth day of illness 
gave a positive complement fixation reaction for psittacosis in a dilution of 1 ; 128. 
Serum taken nine weeks later gave a positive reaction in a dilution of 1 ; 64. The 
result of the Frei test was negative. 

Case 3.— M. T., aged 59, “caught cold” about April 8 ; the condition was insignifi- 
cant at first, but the temperature gradually rose to 40 C. (104 F.) after several 
days, accompanied by headache, chilly sensation, malaise, slight cough and pain in 
the right side of the chest. She was treated at home with sulfadiazine, without 
improvement. The cough became worse but unproductive. There were attacks 
of profuse perspiration. The patient was admitted to the hospital on the fourteenth 
day of illness. She was not in distress but was slightly cyanotic and dyspneic. 
The conjunctivas and the pharynx were injected. There were slight dulness and 
many fine rales in the right scapular and axillary regions. A roentgenogram showed 
a corresponding area of density, which later enlarged in size. The leukocytes num- 
bered 8,000, 12,000, 7,000 and 11,000 on four occasions. The sedimentation rate was 
rapid, 30 mm. in forty-five minutes. The temperature of 40 C. (104 F.) on admission 
dropped gradually to 37.5 C. (99.5 F.) on the twenty-second day of illness, where it 
remained for another ten days before becoming normal. Clinical improvement 
occurred on the twenty-second day. Mice inoculated with a small amount of sputum 
survived more than six weeks. 

Blood taken on the sixteenth and the thirty-fifth day of illness gave a positive 
complement fixation reaction for psittacosis in a titer of 1 : 64. 

Case 4. — ^L. M., a Negro aged 26, became sick on Jan. 10, 1941 with a chill 
followed by nonproductive cough, fever, pain in his chest and profuse sweating. 
His nose was obstructed; his eyes were red and painful, and there was slight 
pharyngitis. The symptoms became worse, with headache and dyspnea. A slight 
amount of sputum was raised. He entered the hospital on the fifth day of disease 
with a temperature of 40.3 C. (104.5 F.), a pulse rate of 110 per minute and a 
respiratory rate of 25 per minute. There were slight dyspnea, conjunctival injection, 
photophobia and a macular eruption on the face, the backs of the hands and arms 
and the body. The eruption disappeared in a day or two. The pharynx and the 
tonsils were inflamed, and the submaxillary and the anterior cervical lymph nodes 
were slightly enlarged and tender. The breath sounds in the base of the left lung 
and the apex of the right lung were harsh, and only a few rales were heard in 
the base of the left lung after cough. The abdomen was normal. A roentgenogram 
of the chest showed a great increase in the density of the hilar markings extending 
into the periphery of both lungs, with patchy areas of mottled density suggesting 
pneumonia superimposed on acute tracheobronchitis. Three leukocyte counts varied 
between 4,300 and 4,700. The sedimentation rate on two occasions was increased 
and reached 25 mm. in two hours. A blood culture was sterile, and the Wasser- 
mann reaction of the blood was negative. Repeated examination of the sputum 
showed only the usual flora to be present. Mice inoculated intraperitoneally with 
sputum all survived. 

On the sixth day of illness rales were heard in scattered areas in both lungs. 
The temperature fell during the next few days and reached normal on the tenth 
day. Blood serum taken on the seventh and the twentieth day after the onset of 
disease and tested by Dr. Charles Armstrong gave strong protection against the 
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virus of Ij'mphocytic choriomeningitis. Eleven months later neutralizing antibodies 
were still demonstrable by Dr. Smadel. Blood serum tested ten and twelve months 
after recovery also gave positive complement fixation for the virus of psittacosis in 
a dilution of 1 : 64. 

Complement fixation tests for psittacosis were made on serum from 
the patients in cases 1, 3 and 9 of the 1938 series,® and from the patients 
in the case described in figure 6 and in 1 other case of the 1939 series.^ 
All results were negative. The results are, of course, inconclusive 
because of the intervals of four and three years since the disease occurred. 

COMMENT 

In spite of the striking clinical similarities of a certain condition 
called “virus” pneumonia to psittacosis, even including in some instances 
mild neurologic symptoms, epistaxis and an exanthem; the sporadic 
nature of the disease, and the age group principally involved, it is 
impossible to classify it as psittacosis according to accepted criteria.®® 
The chief differences are the evidence in some instances of “virus” 
pneumonia of person to person contagion, no contact with psittacine birds, 
the low mortality rate and the failure to isolate a virus. 

In none of the 4 cases reported here, in which serum gave a positive 
complement fixation reaction for psittacosis, was there evidence of con- 
tact with known carriers of psittacosis or ornithosis, including pigeons, 
barnyard fowl or other pet birds, and contact with rats or mice was 
unlikely except in case 4. The patients could not recall exposure to 
persons sick with a disease of the respiratory tract prior to their own 
illness and did not transmit obvious infection to others. All mice rou- 
tinely inoculated intraperitoneally with nasopharyngeal secretion to 
detect the presence of pneumococci lived more than fourteen days. Had 
the virus of psittacosis been present they would probably have died 
from the infection within this period, according to the test proposed by 
Rivers and Berry.®® 

The presence of complement-fixing antibodies for psittacosis in these 
cases is nevertheless of importance, particularly in cases 1 and 2, in 
which the titer rose and fell during early convalescence. The result in 
case 3 is less convincing, since the titer did not diminish during con- 
valescence, and in case 4 the tests Avere made so long after the disease. 
The negative results of tests on the serum of patients Avho had pneu- 
monia in 1938 and 1939 are of no significance because of the long 
time elapsed. Furthermore, the incidence of complement-fixing anti- 

25. Rivers, T. M. : Psittacosis, in Cecil, R. L. : Textbook of Medicine, cd. 5, 
Philadelphia, W. B. Saunders Company, 1940, p. 66. 

26. Rivers, T. M., and Berry, G. P. : A Laboratory Method for the Diagnosis 
of Psittacosis in Man, Proc. Soc. Exper. Biol. & Med. 29:942-944 (May) 1932. 
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bodies for psittacosis in the general population is unknown. Neverthe- 
less, when positive results are obtained in 4 of 8 cases, they would seem 
to represent more than a fortuitous occurrence. 

The positive results, as discussed previously, only suggest that one 
of the viruses of psittacosis, a psittacosis-like disease (ornithosis), meniri- 
gopneumonitis and lymphogranuloma venereum may have been impli- 
cated, but in view of the evidence produced by other investigators and 
positive results in 4 of 8 cases it is likely that one of them was causally 
related to the disease in question. It is also apparent that these viruses 
are much more widely distributed in nature than heretofore believed. 
Instances of contact infection in our own studies and in those of othei 
investigators suggest that human beings may also serve as reservoirs 
of infection. 

The presence of strong neutralizing properties for the virus of lym- 
phoc3^tic choriomeningitis in the serum of the patient in case 4, in 
addition to complement-fixing bodies for the virus of psittacosis, is of 
interest in view of the recent report of Smadel and his associates 
and the observation of Francis and Magill.^° But here again, without 
actual isolation of the first-named virus it is not possible to claim causal 
relation of it to “virus” pneumonia on this basis alone because of the 
possibility of an anamnestic reaction and because specific neutralizing 
bodies are encountered in 10 per cent of normal persons. Furthermore, 
the possible reciprocal relation between this virus and those of the 
psittacine group is not yet known. 

From the studies mentioned and from the facts at hand the adoption 
of the term “virus” pneumonia is justified, but only to indicate a syn- 
drome composed of a group of entities, each caused by a specific filtra- 
ble virus, as for example, that of psittacosis and related infections, of 
influenza, of chickenpox,-® smallpox or of lymphocytic choidomeningitis or 
perhaps the mongoose-infecting virus. Furthermore, certain agents other 
than viruses, like the Rickettsia of “Q” fever, the protozoan Toxoplasma 
and the fungus Coccidioides immitis, may also cause disease resembling 
the pneumonias caused by viruses. And lastly there is a large group 
of atypical pneumonias of which the cause is still unknown. Therefore, 
etiologic studies should be made in all cases of pneumonia, including the 
special serologic tests for lymphocytic choriomeningitis and for diseases 
caused by the psittacine group of viruses, and the disease named accord- 
ing to its etiologic agent whenever possible. 

27. Armstrong, C. : Studies on Choriomeningitis and Poliomyelitis, in Harvey 
Lectures, Baltimore, Williams & Wilkins Company, 1940-1941, vol. 36, pp. 39-65. 

28. Waring, J. J. ; Neubuerger, K. T., and Geever, E. F.; Severe Forms of 
Chickenpox in Adults, with Autopsy Observations in Case with Associated Pneu- 
monia and Encephalitis, Arch. Int. Med. 69:384-408 (March) 1942. 
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CONCLUSION 

The term “virus” pneumonia is established to include a syndrome 
or a group of entities which may be clinically indistinguishable yet may 
be caused by a variet}'’ of known filtrable viruses. Clinically similar 
instances of pulmonary infection may be caused by known agents other 
than filtrable viruses, and numerous pneumonias occur in which the 
causative agent has not yet been determined. The latter at present had 
best be termed primary atypical pneumonia, etiology unknown.^® 

Indirect evidence of infection with psittacosis virus or the related 
viruses of a psittacosis-like disease (ornithosis), meningopneumonitis 
and lymphogranuloma venereum was obtained by complement fixation 
tests in 4 of 8 cases of a condition regarded as “virus” pneumonia. In 
1 case the serum also gave strong protection against the- virus of lym- 
phocytic choriomeningitis. Any one of these viruses may be the cause 
of a form of virus pneumonia. 

Jefferson Atedical College Hospital. 

29. Primary Atypical Pneumonia: Etiology Unknown, Official Statement, War 
Aled. 2:330r333 (March) 1942. 



OBSERVED COURSE OF DIABETES MELLITUS 
AND INFERENCES CONCERNING ITS 
ORIGIN AND PROGRESS 

ARTHUR R. COLWELL, M.D. 

EVANSTON, ILL. 

This report presents evidence in favor of the idea that the course 
of diabetes mellitus begins at birth, that inherent features predetermine 
the average rate of its progress, that its course is approximately half 
run before the disease is even recognized and that some years after 
recognition it may show progressive and permanent improvement. The 
data which permit these inferences may be obtained by a comparison 
of the amount of insulin required with the length of time the disorder 
has existed in comparable groups of diabetic subjects. 

The course of diabetes mellitus is variable but is usually related 
to the age at which the disease appears. This fact is recognized by all 
clinicians who treat much diabetes. As expressed by Woody att,’- “As 
a general rule . . ’ . the greater the age at which diabetes appears 

the slower will be its subsequent course.” Exceptions occur at all ages, 
but the usual course is rapid progress after it begins in early life and 
more benign behavior when it begins late. 

Prior to the discovery of insulin this tendency was reflected in the 
early death of diabetic children. For example, before 1922, when insulin 
became generally available, 208 of Joslin’s young patients in whom 
diabetes developed in childhood or adolescence lived only about two 
years on the average, whereas those J^atients in whom diabetes was 
recognized after the age of 40 lived at least four times at long.- 

Another characteristic of the course of diabetes which is less gen- 
erally recognized is its tendency to grow more severe the longer it 
exists, as a rule. Thus, in insulin-treated patients the amount of insulin 
required to maintain good control tends to increase roughly in pro- 
portion to the duration of the disorder. It may show temporary vari- 

From Northwestern University Medical School, Chicago, and Evanston 
Hospital. 

1. Woodyatt, R. T.: Diabetes Mellitus, in Cecil, R. L.: Textbook of Medicine, 
ed. 5, Philadelphia, W. B. Saunders Company, 1941, p. 687. 

2. Joslin, E. P.; Treatment of Diabetes Mellitus, ed. 7, Philadelphia. Lea & 
Febiger, 1940, p. 275. 
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ations in both directions due to modifying influences, such as painstaking 
or careless treatment or infection and other complications. But as the 
diabetes persists, more insulin is usually required, until a level is reached 
which is characteristic of the individual case, commonly 40 to 60 units 
daily with diets of moderate value. 

In clinical practice the severity of diabetes mellitus may be judged 
by a variety of gages. Some of the more obvious are as follows: 
(1) the amount of food tolerated without excessive glycosuria and 
hyperglycemia (this is of value only in cases of mild diabetes) ; (2) the 
rapidity with which glycosuria and hyperglycemia develop and their 
magnitude under conditions creating them, such as excesses of food, 
deficiencies in insulin effect and infections; (3) the ease with which 
ketogenic acidosis occurs and its intensity; (4) the degree of sen- 
sitivity to excesses of insulin, and (5) the size of the daily insulin dose 
required to maintain good control. 

From the standpoint of quantitative study it is obvious that the 
most useful of these gages of severity is the size of the dose of insulin. 
If subjects with typical diabetes of every grade could be watched for 
years under unchanged conditions of treatment, much could be learned. 
But diets and technics of insulin control change; so data obtained in 
such a manner would not be comparable. 

Data of almost equal value may be obtained in another manner. 
Instead of comparing the amount of insulin needed by the same patients 
at different times, the insulin required by different patients may be 
compared at the same time. Such data, although lacking the advantage 
of measuring the progress of a given set of patients, do possess the 
advantage of being strictly comparable as to details of diet and insulin 
management, which seems equally important, if not more so. 

Hence, a group of patients treated under uniform conditions was 
analyzed to determine the relation between the need for insulin and 
the duration of the existing diabetes at various ages. Interpretations 
of such data must be based on the assumption that in any group of 
patients managed by diets of uniform value the need for insulin gives 
a fair estimate of the severity of the diabetes and that an increased 
need indicates progression of the diabetes. It is clearly recognized 
that this assumption may be misleading in any individual subject. Van- 
ability in insulin sensitivity,^ complications, exercise,^ consistency of 

3. Radoslav, C. S. : Ueber die Wirkung des Insulins auf den Blutzucker beim 
Menschen, Wien. Arch. f. inn. Med. 8:395-412 (July) 1924. Himsworth, H. P. : 
Diabetes Mellitus: Its Differentiation into Insulin-Sensitive and Insulin-Insensitive 
Types, Lancet 1:127-130 (Jan. 18) 1936. MacBryde, C. M.: Response to Insulin 
as an Index to the Dietary Management of Diabetes, J. Clin. Investigation 15:577- 
589 (Sept.) 1936. Klatskin, G. ; The Response of Diabetics to a Standard Test 
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treatment, emotion,® — tliese and other factors affect the need for insulin 
profoundly in individual subjects, Yet when groups of subjects are 
employed such irregularities are minimized by averaging, and errors 
from this source are probably fairly constant in all groups. 

On the assumption that such data provide an approximate view 
of the course of diabetes mellitus it is possible to confirm and augment 
the idea that diabetes progresses more rapidly the earlier in life it 
begins and that up to a certain limit it becomes more severe the longer 
it exists. 

Of greater interest, however, such data support the theory of the 
inherent nature of diabetes. They also provide a rough concept of 
the stage of “potential diabetes” preceding the recognizable onset of the 
disease, as well as the level of normal insulinogenic function which 
exists even before the potential stage is reached. Finally, these data 
suggest the possibility that diabetes may be a self-limited or curable 
disease after it exists for a long time. 

METHOD 

Each patient in a group of 166 with proved diabetes was judged carefully from 
three standpoints; first, the age at which the diabetes was recognized (age at onset) ; 
second, the length of time it was known to have existed up to the time of study 
(duration), and third, the daily dose of insulin necessary for satisfactory control 
of the diabetes (insulin dose). 

These patients when studied ranged from 6 to 82 years of age. Their diabetes had 
begun at 2 years of age in the youngest and 77 years in the oldest. The age 
distribution was approximately uniform ; about one quarter were less than 20 years 
old and one third more than 50 years old at the onset of diabetes. About two thirds 
were females. 

In no case was any acute complication present at the time of study. Some chronic 
complications existed, particularly in the older patients; these subjects were not 
excluded, and the significance of their complications will be discussed later. 

Age at Onset and Duration of Diabetes . — The age at onset was estimated in 
each case from a careful history of the date of onset of unmistakable symptoms or, 
if a patient was asymptomatic, of the first discovery of glycosuria. In practically 
all cases this date could be ascertained quite definitely with no probable error 
greater than a few months in the majority. In each case the duration of the diabetes 
up to the time of study was then taken for computation of group averages. 

Dose of Insulin, ibid. 17:745-750 (Nov.) 1938. Burgert, P. ; Scott, R., and Nadler, 
W. H. : A Comparison of Tests for Insulin Sensitivity, Proc. Central Soc. Clin. 
Research, 1938, p. 23. 

4. Lawrence, R. D.; The Effect of Exercise on Insulin Action in Diabetes, 
Brit. M. J. 1:648-650 (April 10) 1926. Gerl, A., and Hofmann, A.: Muskel- 
arbeit und Insulinbedarf beim Diabetes, Klin. Wchnschr. 7:59-63 (Jan. 8) 1928. 
Richardson, R. : Factors Determining the Effect of Exercise on Blood Sugar in 
the Diabetic, J. Clin. Investigation 13:699 (July) 1934. Marble, A., and Smith, 
R. M.: Exercise in Diabetes Mellitus, Arch. Int. Med. 58:577-588 (Oct.) 1936! 

5. Woodyatt, R. T.: Psychic and Emotional Factors in General Diagnosis 
and Treatment, J. A. M. A. 89:1013-1014 (Sept. 24) 1927. 



526 


ARCHIVES OF INTERNAL MEDICINE 


Groups of subjects for averages were formed as follows: All patients were 
classified in seven groups of 12 to 39 each according to the decade of life in which 
diabetes began. Those in each decade were then further subdivided into six smaller 
groups of 1 to 8 patients (usually 4 or 5) according to the length of time the 
diabetes had existed. For example, there were 33 patients whose age at onset 
■was 41 to SO years, inclusive. These 33 patients were further subdivided into six 
subgroups, in which the average duration of diabetes was approximately one, two, 
five, eight, thirteen and twenty-three 3 'ears, respectively, at the time of study. 

In each of the subgroups the average daily dose of insulin required for good 
control (as defined in the following section) was taken as the insulin dose for 
the group. 

Insulin Dose . — In all cases the diabetes was regulated according to uniform 
criteria for satisfactory control. These criteria were as follows : 

1. The use of diets capable of maintaining or obtaining ideal weight at normal 
acti-\dty and sufficient for normal growth in children. 

2. Carbohydrate to fat ratio in grams of about 1:1. Accordingly, the average 
adult diet contained about 2 Gm. of carbohydrate per kilogram of body weight, 1 Gm. 
of protein and 2 Gm. of fat, providing about 30 calories per kilogram. In diets 
for obese subjects the fat was arbitrarily reduced to permit weight reduction, 
the carbohydrate value remaining comparable to that of the diets for other patients. 

3. Freedom from glycosuria and excessive hyperglycemia except in a group of 
patients susceptible to hypoglycemic symptoms. In those patients, as much insulin 
was used as possible without hypoglycemia and as little glycosuria as possible was 
permitted. 

4. Freedom from frequent hypoglycemia. 

5. Insulin effects predominantly from protamine zinc insulin in a single dose 
daily, often alone, but frequently supplemented by a small daily (rarely twice 
daily) dose of ordinary insulin. 

These criteria conform to those in general use today in practice, their chief 
distinguishing characteristics represented by the use of diets of only moderate 
carbohydrate content, perhaps a little less liberal than average in this country but 
generous enough not to approach a ketogenic level. Their ketogenic ratio - (FA/G, 
Woodyatt®) was about 0.8. 

Preliminary adjustment was accomplished in the Evanston Hospital under 
quantitative conditions. Further minor adjustments were then made until the 
weight behavior became satisfactory and the amount of insulin required daily for 
good control became relatively stable. This daily insulin dose was then averaged 
with those of other patients with diabetes beginning in the same decade of life 
and existing for approximately the same length of time, in small groups of 
subjects as just described. 

Some 20 per cent of the patients did not require insulin for control and were 
included in the group averages with insulin doses of zero. It would obviously be 
unfair for the purposes of this paper to omit them. 

RESULTS 

The table shows the values obtained in this manner in each of about 
fort}" small groups of comparable subjects. The table also shows the 
number of patients responsible for the average values in each group. 

6. Woodyatt, R. T.: Objects and Method of Diet Adjustment in Diabetes, 
Arch. Int. Aled. 28:125-141 (Aug.) 1921. 
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The chart shows graphically the insulin needed after various periods 
of diabetes in each decade. Each point on a curve represents the 
average for one of the smaller groups of comparable patients, with 


Daily Insulin Dose Required for Control of Diabetes in Various Age Groups at 
Various Stages of Its Course in One Hundred and 
Sixty-Six Subjects 


Age at Onset, 
Yt. 


Number of Tears Since 
Onset, of Diabetes * 


No. of 

Average 

Annual 

Insulin 


Aver- 

age 



1 




Sub- 

Increment, 
Units -f 

Range 


' 0-1 1-3 

3-5 

5-10 

10-15 

15-30' 

jects 




First Decade 






2-10 

6 

Insulin dose, units. 

27 42 

45 

56 

63 

52 


7.2 



Tears since onset... 

. 1— 2-1- 

4 

8 — ■ 

13— 

17 





No. of subjects 

3 4 

2 

4 

7 

1 

21 





Second Decade 






11-20 

14 

Insulin dose, units. 

. 20 44 

52 

74 

56 

40 


5.1 



Tears since onset... 

. 1- 2-1- 

4 

8 

13 

22 





No. of subjects 

4 4 

1 

3 

3 

3 

18 





Third Decade 






21-30 

26 

Insulin dose, units. 

. 12 37 

30 

49 

60 

27 


. 3.8 



Tears since onset... 

1 2-1- 

4-1- 

10 

14 

18 





No. of subjects 

1 4 

4 

1 

2 

5 

17 





Fourth Decade 






31-40 

37 

Insulin dose, units. 

. 15 12 

50 

29 

40 

16 


3.2 



Tears since onset... 

1— 2 

4 

7-1- 

14 

19 





No. of subjects 

,.2 1 

1 

6 

1 

1 

12 





Fifth Decade 






41-50 

46 

Insulin dose, units. 

,.17 6 

15 

33 

15 

20 


1.9 



Tears since onset... 

1— 2 

5 

8-|- 

13 

23 





No. of subjects 

..5 4 

2 

16 

4 

2 

33 





Sixth Decade 






51-GO 

55 

Insulin dose, units. 

.5 18 

g 

12 

31 

26 


2.0 



Tears since onset.. 

1— 3— 

4-1- 

7 

12+ 

20 





No. of subjects.... 

..5 8 

5 

8 

8 

5 

39 





Seventh and Eighth Decades 





ei-77 

66 

Insulin dose, units 

..24 12 

18 

21 

23 



4.2 



Tears since onset.. 

1— 3— 

4-1- 

8 — ' 

13 






No. of subjects.... 

..5 5 

4 

5 

7 

0 

26 



* In cQCli of the siDflll groups the insulin close uud the number of yesrs since onset repre* 
sent averages lor those subjects in the group. 

t The annual insulin increment in each decade ■was obtained by calculating the average 
rate of increase in required insulin in units per year of diabetes. 

the insulin dose in units per day as the abscissa and the years of existing 
diabetes as the ordinate. The mean curve for each decade was 
obtained by calculating the rate of increasing need for insulin, or average 
annual increment, in units per year of diabetes. These increment 
curves were projected into the ‘'prediabetic,” or “potential diabetic,” 
stage, on the theory that the rate of progression of diabetes is probably 
about the same before as after it makes its appearance clinically. 
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INTERPRETATION 

Four phenomena are apparent from a study of the actual insulin 
curves. 

1. The earlier in life the diabetes appeared the more rapidly the need 
for insulin increased. This is true in all decades except the last, in 
which it is probable that the frequency of chronic complications increased 
the insulin required. 



Relation behveen the age at which diabetes begins and the subsequent daily 
need for insulin. 


2. Except for minor irregularities (discussed later) the longer the 
diabetes existed the greater was the need for insulin at all ages. 

3. In all but the first two decades the initial rapid increase in 
insulin was followed by a temporary decrease, which occurred as early 
as the second or the third year and sometimes persisted through the 
fifth year of the disease. It tended to appear later and persist longer 
the greater the age at onset. Hence, it was probably missed in the first 
t\vo decades because the data were not analyzed for periods shorter 
than the first 3 ’-ear. 
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Individual examples of this phenomenon are well known, and it is 
usually anticipated in practice. Often there is complete freedom from 
the need for insulin for a short time following discovery and initial 
control of the diabetes. The improvement is probably due to a tem- 
porary gain in natural insulinogenic function due to accurate control. 
It does not appear to modify the ultimate course of the diabetes. 

4. In all decades but the last there was an unmistakable tendency 
for required insulin to fall off somewhat after long persistence of the 
disease. Thus, after nine to fourteen years of diabetes (about ten on 
the average) in every decade up to 60 less insulin was required than 
previously. In a few individual subjects some thirty years of diabetes 
failed to alter this tendency toward improvement. 

Two striking examples of this phenomenon are included in the group 
of 166 subjects. In 1 patient typical juvenile diabetes appeared at 
the age of 15. For fifteen years it followed the usual pattern of depen- 
dence on insulin in a dose as great as 50 units daily, difficulty of keeping 
under control, occasional severe acidosis or hypoglycemia and frequent 
glycosuria. Then at the age of 30 the insulin requirement began to 
decline. Five years later for about a year prior to death from chronic 
nephritis (intercapillary glomerulosclerosis '^) insignificant glycosuria 
and hyperglycemia appeared when insulin was stopped, and doses as 
small as 10 units of protamine insulin caused hypoglycemia. 

In another patient diabetes began at the age of 47. After about 
ten years of control by diet insulin was used continuously for about fif- 
teen years in doses as large as 60 units daily. Heavy glycosuria 
occurred at intervals; there was no acidosis, and good health was 
maintained. Now, twenty-six years after the onset of the diabetes, 
this patient is exceptionally well at the age of 73, eats a generous diet 
only moderately restricted and for nearly a year has been free of 
sugar without any insulin whatsoever. 

Cases in which diabetes disappears are described in the literature.® 
Every clinician who treats much diabetes observes an occasional 
instance.^ It is not uncommon in the diabetes accompanying acro- 
megaly.® However, a consistent tendency for ordinary diabetes mellitus 
to improve in time has not been noted previously. 

7. Kimmelstiel, P., and Wilson, C. : Intercapillary Lesions in the Glomeruli 
of the Kidney, Am. J. Path. 12:83-98 (Jan.) 1936. Newburger, R. A., and 
Peters, J. P, : Intercapillary Glomerulosclerosis: A Syndrome of Diabetes, Hyper- 
tension and Albuminuria, Arch. Int. Med. 64:1252-1264 (Dec.) 1939. Porter, 
W. B., and Walker, H.; The Clinical Syndrome Associated with Intercapillary 
Glomerulosclerosis, J. A. M. A. 116:459-464 (Feb. 8) 1941. 

8. Naunyn, B.: Der Diabetes mellitus, ed. 2, Vienna, A. Holder, 1906. 

9. Colwell, A. R. : The Relation of the Hypophysis to Diabetes Alellitus 
Medicine 6:1-39 (Feb.) 1927. 
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The longer life span of a diabetic patient due to insulin makes it 
possible to observe the late course of the disease, especially in the rase 
of patients who are young when diabetes begins. The tendency for 
required insulin to decrease eventually suggests the possibility of ulti- 
mate spontaneous cure of diabetes, assuming that patients can live long 
enough for it to occur. During the next ten or twenty years sufficient 
experience will have been gained to determine whether this course 
is usual or exceptional. The data here reported suggest that it may 
be the usual course after ten years or more. 

The mean slopes are constructed by calculating the rate at which 
required insulin increases annually in each decade, i. e., the average 
insulin increment per year of diabetes. The minor decreases observed 
early and late are included in the averages as minus values, or decre- 
ments. Thus, on the average, the insulin required drops steadily from 
7 units per year in patients with diabetes having its onset in the first 
decade to 2 units per year in patients with diabetes beginning in the 
fifth and the sixth decade. 

If these average insulin rates are taken as approximate gages of 
diabetic progress in all decades, it is apparent from extension of their 
slopes that the origin and the magnitude of the prediabetic stage may 
be estimated. If one accepts the view that diabetes progresses at about 
these rates, both before and after it is recognized, two other important 
inferences involving the preclinical stage of diabetes are possible. 

1. Its course begins about the time of birth, no matter how late 
in life it is recognized. In each decade except the last (in which 
chronic complications apparently alter the data), the average insulin 
curves showing the probable rate of progress tend to converge when 
extended backward into the “prediabetic stage.” The point of con- 
vergence approximates the time of birth, indicating that diabetes of a 
predetermined type is inherited, begins its course at birth and pro- 
gresses through an unrecognized phase at a rate which continues, with 
minor variations, after its discovery. This concept agrees with that 
which is generally accepted on the basis of other data.^° 

2. Its course is approximately half run by the time it is recognized 
clinically. The slopes which represent the average increments of insulin 
required annually tend to converge at an insulin level distant from 
that existing when the diabetes appears. If one grants that these 
average insulin curves represent the approximate course of the diabetes 
and that the course is about the same before as after discovery, the 
prediabetic stage appears to be at least as great in magnitude as 
the observed diabetic stage which follows. In other words, at least 

10. WTiite, P.: Diabetes in Children, Bull. New York Acad. Med. 10:347-357 
(June) 1934; Recent Progress in Severe Diabetes, Canad. M. A. J. 35:1 d 3-161 
(Aug.) 1936. White, P., and Pincus, G., in Joslin.- 
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as much insulinogenic function is lost by a diabetic person before as after 
diabetes makes its clinical appearance. 

This concept agrees with other data which indicate the magnitude 
of the normal capacity for utilizing sugar. Woodyatt, Sansum, Wilder 
and Felsher"^ found that nearly 1 Gm. of dextrose per kilogram per 
hour could be injected continuously into the veins of normal human 
beings and animals without gl)'^cosuria. In an average person weighing 
70 Kg. during fourteen or fifteen hours daily of food absorption this 
would indicate a normal tolerance for dextrose of about 800 Gm. daily, 
which is about twice the amount of sugar tolerated by patients with the 
mildest known diabetes without glycosuria. 

SUMMARY 

If one employs the amount of insulin required daily for uniform 
control as a gage of the severity of diabetes mellitus in groups of 
patients of different ages and at different stages of the disease, the fol- 
lowing interpretations appear to be justified : 

1. Diabetes is inherent and begins at birth. 

2. Before it is recognized in clinical practice it progresses through 
a stage the magnitude of which is fully as great as that of the 
known diabetes which follows- recognition. 

3. The rate of its progress is indicated by the age at which it is 
recognized. The earlier it appears, the more rapidly it pro- 
gresses, It is probably more nearly correct to say the more 
rapidly it progresses through its unrecognized stage the earlier in 
life it appears. 

4. During the first few years after its recognition it tends to improve 
temporarily, probably as a result of treatrnent. This improve- 
ment does not affect its subsequent course. 

5. After some ten years of known existence there are indications 
that it may show progressive and permanent improvement. 

6. These rules frequently appear to be violated in aged persons 
with diabetes, probably because of chronic complications. 

636 Church Street. 

11. Woodyatt, R. T. ; Sansum, W. D., and Wilder, R. M. : Prolonged and 
Accurately Timed Intravenous Injections of Sugar, J. A. M. A. 65:2067-2070 
(Dec. 11) 1915. Sansum, W. D., and Woodyatt, R. T.: Studies on the 
Theory of Diabetes: VIII. Timed Intravenous Injections of Glucose at Lower 
Rates, J. Biol. Chem. 30:155-173 (May) 1917. Felsher, H. V., and Woodyatt, 
R. T.: Studies on the Theory of Diabetes: IX. Sugar Excretion Curves in Dogs 
Under Intravenous Injection of Glucose at Lower Rates, ibid. 60:737-747 (July) 



CINCHOPHEN GASTRIC ULCERS IN CHICKS 


GARNETT CHENEY, M.D. 

SAN FRANCISCO 

The existence of a dietary factor, an absence of which will cause 
superficial gastric ulcers in chicks, is well recognized by persons inter- 
ested in the nutrition of poultry.’- Members of the medical profession 
at large hardly, seem aware 5f this factor and of the significant, fact that 
definite gastric lesions may be produced experimentally, at least in chicks, 
by dietary means alone. Of perhaps even greater significance is the 
recent demonstration that the same type of erosive lesion may be 
produced by feeding cinchophen, which will cause not only superficial 
ulcers but the severer types of gastric ulceration encountered in man, 
including deep penetration and perforation.^ These cinchophen gastric 
ulcers differ only in degree from ulcers produced by a deficient diet 
alone, and they may also be prevented or modified by a dietary factor. 

As this important relation exists between these two apparently 
etiologically different types of experimentally produced gastric ulceration, 
the present knowledge of the deficiency type has been reviewed and 
supplemented and in addition further studies are reported concerning the 
development and the alleviation of cinchophen gastric ulcers themselves. 

METHOD 

White leghorn baby chicks were used for all the experiments.® These chicks 
were hatched in Petaluma and were received in the laboratory the day of hatching 
or the subsequent day. ’They were given a starter mash diet for a few days before 
being transferred to the experimental diets. They were raised indoors in brooders 
with screen floors. 

From the Department of Medicine, Stanford University School of Medicine. 

This investigation was aided by a grant from 'Eli Lilly and Company, 
Indianapolis. 

1. (o) Dam, H. : Antihaemorrhagic Vitamin of Chick, Biochem. J. 29:1273, 
1935. (b) Dam, H., and Schonheyder, F.: Occurrence and Chemical Nature of 
Vitamin K, ibid. 30:897, 1936. (c) Almquist, H. J., and Stokstad, E. L. R. : 
Dietary Haemorrhagic Disease in Chicks, Nature, London 136:31, 1935; (d) 
Gizzard Factor of Chick, J. Nutrition 13:339; 1937. (c) Almquist, H, J. ; Source 
and Nature of Gizzard Factor, ibid. 14:241, 1937. (/) Esselen, W. B.: Nutritional 
Gizzard Lesions in Chicks, Poultry Sc. 18:201, 1939. 

2. Cheney, G.: Effect of Diet and Cinchophen on Production of Experimental 
Gastric Ulcers in Chicks, Proc. Soc. Exper, Biol. & Med. 45:190, 1940. 

3. The Poehlmann Hatcherj-, Petaluma, Calif., supplied all the birds used. 
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Table l.—Ejfcct of Dietary Supplements on Cinchophen Peptic Ulcers in Chicks 
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* Livers from cinchoplien-fed birds, 
t Livers from cinchoplien-fed dogs. 
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Each group of chicks ordinarily was made up of 8 to 10 birds. These experi- 
mental groups were started in the second week of life when they were first 
weighed. Autopsy studies were usually carried out between the seventeenth and 
the twentj'-third daJ^ Cinchophen was fed seven to fourteen days preceding 
autopsy. The weights of the birds were recorded again before and after cinchophen 



Fig. 1. — Cross sections of chick stomach walls illustrating the method used 
for scoring different grades of ulceration. O, normal wall ; 1, the initial lesion, a 
mucosal hemorrhage beneath the chitinous lining of the gastric lumen ; 2, superficial 
erosion with loss of the chitinous laj^er and flattening of the mucosa ; 3, a peptic 
ulcer with destruction of the mucosa and with a flat base; 4, a penetrating ulcer 
with invasion of the muscle laj^ers, and 5, a perforating ulcer with peritonitis. 
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feeding. The special diets were started the third to the fifth day of life, and 
additional substances to be tested for their protective value against ulceration were 
added to the diet for a five day period before cinchophen was administered. These 
substances when dry were thoroughly mixed with the diets; otherwise they were 
offered separately. A control group of birds was run with each type of diet for 
each series. 

The basal diet previously described was used again.^ It consists of ether- 
extracted or gasoline-extracted fish meal 17.5 per cent, brewers’ yeast 7.5 per cent, 
sodium chloride 1 per cent, cod liver oil 1 per cent and rice flour 73 per cent. This 
diet has repeatedly been shown to be deficient in the anti-gizzard-erosion factor 
and is also deficient in vitamin K. The diet designated in figure 2 zs 2 A and in 
table 1 as B. D. A. is the same diet plus 10 per cent alfalfa to add bulk. This diet 
is also deficient, but the incidence of erosions is lower. A commercially prepared 
mash known as vitafood marketed by the Poultry Producers of California offers 



Fig. 2. — Relation of the type of diet and the percentage of cinchophen fed to 
the grade of gastric ulceration in chicks. 1, a protective diet ; 1 A, the same diet 
heated six hours at 80 C. ; i B, the same diet heated twenty-four hours at 80 C. ; 
2, a deficient nonresidual diet ; 2 A, the same diet plus 10 per cent alfalfa ; 2 B, the 
same diet plus 25 per cent alfalfa; 3, a high carbohydrate protective diet, and 
3 A, a high carbohydrate nonresidual diet. 


a well balanced diet which has proved protective against gastric ulcers. It consists 
of protein 18.5 per cent, fat 3.7 per cent, carbohydrate 66.5 per cent, ash 5.8 per 
cent, fiber 3.8 per cent and minerals (calcium, phosphorus and manganese) 2.1 per 
cent. It contains 5 per cent dehydrated alfalfa and 0.25 per cent sardine oil fortified 
with vitamin A. This diet has served satisfactorily as a normal control type of feed. 

AH birds were autopsied at the end of the series, on the same day if possible. 
The condition of each gizzard was carefully noted, and the degree of ulceration 
was observed in the fresh specimen and scored as previously described.^ The 
grades of ulceration are shown in figure 1. Grade 1 represents the earliest 

4. Cheney, G. ; Gastric Acidit}’^ in Chicks with Experimental Gastric Ulcers, 
Am. J. Digest. Dis. 2:104, 1938. 
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demonstrable lesion, a mucosal hemorrhage without rupture of the chitinous lining 
of the gizzard. In lesions of grade 2, rupture has taken place, part of the mucosa 
is thinned out or destroyed, the evidence of bleeding may disappear and a typical 
superficial gastric ulcer, or area of gizzard erosion, is present. In lesions of 
grade 3, the mucosa has largely disappeared and the ulcer has a flat base with 
punched-out appearance and often with thickened indurated margins. Lesions of 
grade 4 represent definite penetration into the underlying muscle layers, and those 
of grade 5, perforation with involvement of the peritoneum. If the exact grading 
is in doubt, the lesion is scored half way between two grades. For example, if 
there is a question whether the muscle layer is or is not invaded (grade 4 or 
grade 3), the lesion is scored as 3.5. At first microscopic sections were made 
to determine tlie exact depth of an ulcer, but with experience gross observation of 
a cross section of the lesion has proved reasonably accurate. 

PRODUCTION OP LESIONS 

Cinchophen was fed in concentrations of 0.5, 1, 1.5 and 2 p^r cent 
thoroughly mixed with the diet. It was soon noted that the 2 per cent 
level was often so toxic that few birds survived the experiment. Toxic 
symptoms consisted of weakness, loss of coordination, loss of appetite, 
marked prostration and occasionally death within twenty-four or forty- 
eight hours. Ordinarily, the 1 per cent level produced fairly satisfactory 
gastric lesions without too great toxicity and without causing death of 
the birds. All the birds fed this amount of cinchophen failed to gain 
weight as well as the controlled groups, .however. The relation of the 
percentage of cinchophen fed to the production of ulceration is well 
shown in figure 2. The ulceration becomes progressively more severe 
as a rule up to the 1.5 per cent level but may be less severe after that in 
birds surviving the experiment because so little feed is taken. Although 
it varies with the type of diet fed, the general trend is constant. One half 
of 1 per cent cinchophen usually produces lesions, but few are more severe 
than grade 2. 

The production of lesions by feeding cinchophen will vary greatly 
with the type of diet given because of the varying amounts of protective 
substance contained in the diets, because of the amount of roughage and 
possibly also because of the carbohydrate content. Figure 2 depicts the 
varying effects of the diet on the grade of ulceration. An adequate 
protective diet shows an almost complete absence of lesions in the control 
experiments and no marked increase until more than 1 per cent of 
cinchophen is fed. In contrast to this, chicks on a deficient diet show 
some lesions in the control group and pronounced lesions at the 0.5 per 
cent level. In chicks on the high carbohydrate protective and non- 
residual diets only mild ulceration occurred, and in one series (fig. 2 3 A) 
the degree of ulceration in birds fed 1 per cent cinchophen was not as 
great as that in the control groups on a deficient diet without cinchophen. 
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Figure 2 also shows the effect of heat on the protective diet. When this 
diet is heated at 80 C. for six hours, a marked deficiency is manifest 
when cinchophen is fed, compared to the lesions produced by the same 
diet without heating. When this diet is heated at 80 -C. for twenty-foui 
hours, the deficiency is slightly more pronounced. 

When the diet is finely divided, it is evident that cinchophen may be 
less well retained and consequently toxic effects may be less severe. 
On the contrary, a bulky diet is retained longer and cinchophen intoxica- 
tion and gastric ulceration become more marked. This is shown in 
figure 2 by comparing the degree of ulceration produced by a deficient 
nonresidual diet and that produced by the same diet to which alfalfa has 
been added. This is most obvious at the 1.5 per cent level. At this level 
the grade of ulceration is 2.9 without alfalfa but is 4.0 when 10 per cent 
alfalfa is added and is 4.1 when 25 per cent is added, despite the protec- 
tive value of alfalfa meal when it is fed liberally. 

The importance of the diet in producing lesions is best understood 
by noting the marked differences of effect of the same amount of 
cinchophen when the different feeds contain various amounts of the 
protective substance. At the 0.5 per cent level the degree of ulceration 
varies between 0,25 and 2. At the 1 per cent level it varies between 
0.5 and 2.65. At the 1.5 per cent level it varies between 0.95 and 4.1. 
In the 3 experiments at the 2 per cent level, it varies between 1.45 and 
2.6. However, as already noted, the degree of ulceration is fairly con- 
sistent for a given diet at a given level of cinchophen. This was noted 
repeatedly in feeding 1 per cent cinchophen to different series of chicks 
when each group fed was on the same diet. 

PATHOLOGIC OBSERVATIONS 

Grossly the gastric lesions vary greatly in form, as indicated by the 
method of grading the severity of the ulceration, shown in figure 1. 
The earliest noticeable change is a darkly stained area visible beneath the 
chitinous layer, which in cross section represents a hemorrhage into 
the gastric mucosa. This area of bleeding may be only a millimeter in 
diameter or may be diffuse and extensive. It may be localized to several 
different areas. It is best seen in the lesions due to dietary deficiency 
alone and particularly in birds which are also deficient in vitamin K. 
Actual erosions with loss of the chitinous layer over an area of thinned- 
out mucosa are the common lesions encountered and may vary con- 
siderably in size and number. They may be classified as superficial 
ulcers, although no real tissue necrosis has taken place. As the lesion 
becomes deeper, it may assume various forms, appearing funnel shaped, 
triangular, punched out or, not infrequently, flat based with rolled and 
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indurated edges, as shown in figure 3. As penetration through the 
mucosa into the muscle layers occurs, the ulcer appears grossly identical 
with the peptic lesions so well described in human beings. There is no 
evidence of gastritis associated with these ulcers. 

An ulcer existing a number of days or perhaps a week may be almost 
pinpoint in size or may appear as an extensive area of roughening, pre- 
senting a “chewed-up appearance” of the inner lining. Large ulcers 



Fig. 3. — A typical large ulcer' of grade 3 with a flat base and indurated 
margins. It is in the muscular part of the bird’s stomach (gizzard) just below 
the fundus, a common site. 


1 cm. in diameter occasionally occur, but the average erosion is somewhat 
irregular in outline and commonly covers a surface a few millimeters 
in diameter. Deep penetrating ulcers are more likel)^ to be small in 
appearance than large. 

Usually more than one lesion is evident in a stomach which is affected, 
but different grades of ulceration may occur in the same o.rgan. A group 
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of 69 chicks was studied from the point of view of incidence of single 
and multiple lesions and the severity of ulceration occurring. All of 
these chicks were fed on the basal diet containing 10 per cent alfalfa 
to which 0.5 or 1 per cent cinchophen had been added. The average 
ulcer score for the whole group was 2.78. Only three stomachs were 
free from lesions. Of the 66 stomachs in which lesions were found, there 
were only single ulcers in 18, or 27.3 per cent, while the rest showed 
two or more ulcers. Fifteen, showed two ; 10 showed three ; 7 showed 
four, and in the remaining 16 there were more than four lesions per 
stomach. In the 53 stomachs in which the number of lesions was counted 
there were one hundred and six ulcers. If one graded the individual 
stomachs according to the severest lesion found, there were seven lesions 
of grade 1, thirty of grade 2, fifteen of grade 3, ten of grade 4, and four of 
grade 5. It is noteworthy that all four of the perforating ulcers and four 
of the penetrating ones were single lesions. Occasionally, a single 
stomach would show two or three grades of lesion, and rarely a lesion 
of grade 1 and one of grade 4 or 5 would be present in the same 
stomach wall. 

It is a .striking feature that the vast majority of lesions are limited 
to the submarginal area, that is, just below the juncture of the chitinous 
lining of the gizzard with the smooth mucous membrane-lined interme- 
diate zone which connects the upper glandular fundus, or proventriculus, 
with the lower, muscular part of the stomach. This area is where the acid, 
pepsin-containing juice of the fundus first strikes the lining of the gizzard. 
Not infrequently superficial lesions occur in the distal pouch of the giz- 
zard, where acid gastric juice enters freely. However, no penetrating or 
perforating ulcers have been noted in this distal region. 

As previously pointed out, ulcers do not occur in the fundus of the 
stomach or in the intermediate zone. They appear only in the muscular 
portion of the stomach, which does not secrete acid or pepsin. No lesions 
have ever been noted at the duodenal orifice, but in the chick the 
duodenum leaves the gizzard at a right angle, some distance below 
the submarginal area, and consequently is not bathed by acid gastric 
juice. 

Occasionally, ulcers not only penetrate the muscular layer but 
perforate through the serous lining into the peritoneal cavity. This 
has never been observed in lesions due to dietary deficiency alone. 
The penetration most commonly occurs just below the intermediate 
zone and not infrequently into the liver bed. Penetrating ulcers are 
sometimes small and may be difticult to visualize from the side of the 
gastric lumen without making a cross section of the stomach wall. 
Perforation has been noted as early as the fifth day of cinchophen feed- 
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ing, and, as already pointed out, the perforating lesion is not infrequently 
the only one occurring. When perforation occurs, a localized abscess 
with peritonitis may form or diffuse peritonitis may occur with fluid 
collection and abdominal distention. In 1 sick chick a large gas bubble 
could readily be observed through the distended abdominal wall indica- 
tive of a pneumoperitoneum. At autopsy this bird had a peritoneal 
cavity distended with gas and fluid and a perforating ulcer approximately 
1 mm. in diameter. 



Fig. 4. — Multiple stomach ulceration, grade 5, with one perforating lesion. 


Histologically, the superficial lesions show changes in the chitinous 
layer and gastric mucosa which have already been carefully described.® 
I have verified these repeatedly. As the ulcers become deeper, and 
particularly when they penetrate the muscle layer, the same character- 
istic histologic changes develop which occur in peptic ulcers in human 

5. Lansing, A. I.; Miller, D., and Titus, H. W. : The Formation of Erosions 
of the Gizzard Lining in the Young Chick, Poultry Sc. 18:475, 1939. Esselen.^^ 
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beings. There are tissue edema and necrosis with vascular engorgement 
and extensive polymorphonuclear leukocytic infiltration. Also an infiltra- 
tion with eosinophils is common in the advanced lesions. An increase 
in fibroblasts occurs below the base of the ulcer. These changes are well 
depicted in figure 5, which shows a deeply penetrating large gastric 



Fig. 5.— A photomicrograph of a penetrating subacute ulcer of grade 4, with 
an overhanging margin and a necrotic base beneath which is granulation tissue. 
Xhere is a pronounced infiltration of polymorphonuclear leulcocytes and eosinophils. 


ulcer from a bird fed cinchophen one month before it was autopsied. 
The late effects of chronicity and partial healing have not been studied, 
as the chicks have not as yet been kept under observation sufficiently 
long to afford a proper opportunity. 
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DEVELOPMENT AND COURSE OF ULCERATION 
The development of gastric ulcers will vary not only with the type 
of diet fed but with the age and parentage of the bird. When newly 
hatched chicks are raised on a deficient diet, erosions begin to appear 
during the second week of life and are most pronounced by the third 
and the fourth week, when they are usually present in 90 to 100 per 
cent of the birds. As the birds grow older, evidence of the deficiency 
becomes progressively less marked.^ Chicks reared on an adequate diet 
during the first month and then placed on a deficient diet rarely show 
pronounced lesions. Occasionally, an embryo chick, a newly hatched 
chick or an older bird on the usual practical diet may show erosion 
of the gizzard.® Chicks from hens kept on a deficient diet will show 
lesions earlier in life than chicks from well fed hens.' 



Fig. 6. — The development of gastric ulceration in chicks when 1 per cent 
cinchophen (broken line) and 1.5 per cent cinchopen (continuous line) are added 
to a basal diet including 10 per cent alfalfa and when 1 per cent cinchophen 
(chain line) is added to the same basal diet including 25 per cent alfalfa. Rapid 
improvement (dotted line) occurred after cinchophen feeding was stopped. 

When cinchophen is added to the diet during the second week of life, 
the onset of ulceration will vary not only with the type of diet used but 
with the amount of cinchophen fed. Repeated observations of chicks on 
varying diets containing 1 per cent cinchophen reveal no more evidence 
of gastric ulceration twenty-four hours after cinchophen feeding is started 

6. (fl) Almquist, H. J., and Stokstad, E. L. R.: A Nutritional Deficiency 

Causing Gizzard Erosions in Chicks, Nature, London 137:581, 1936. (&) Jung- 

herr, E.: Bulletin 202, Connecticut Agricultural Experiment Station, 1935, p. 52. 

7. Almquist, H. J. : Personal communications to the author. 
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than might be attributed to a deficient diet alone, although many o£ the 
birds show obvious toxic symptoms. Of the 8 birds autopsied the day 
after the experiment in figure 6 was started, only 1 showed a lesion, and 
this was without ulceration (grade 1). Also, only 1 of the 4 birds 
autopsied after the second day showed a lesion, and this was of the same 
type. It is evident from these observations that the gastric lesions do not 
develop as a direct result of toxic action of the cinchophen on the gastric 
lining but as a late and possibly indirect effect. Feeding cinchophen at 
the 1.5 per cent level produces ulceration earlier and in a more severe 
form. 

In figure 6 the effects of feeding cinchophen at the 1 and the 1.5 per 
cent level in different series of birds is compared. The series receiving 
1 per cent cinchophen was started at 10 days of age and the series 
receiving 1.5 per cent at 13 days. Both received the basal diet plus 
10 per cent alfalfa. Small groups of birds were autopsied at intervals, 
as shown on the chart. Of those receiving the larger amount of 
cinchophen, all showed lesions after the second day, and the degree 
of ulceration steadily advanced, until after ten days the 3 birds studied 
all had perforated ulcers (grade 5). The degree of ulceration in the 
birds receiving 1 per cent cinchophen advanced to an average grade of 
ulceration of 3.8 in 3 birds after five days, including 1 bird with a 
perforated ulcer and peritonitis. The degree of ulceration diminished 
somewhat during the next sixteen days, 'averaging slightly over 3. On 
the twelfth day of feeding cinchophen was removed from the diet of 
9 of these birds, and five days later 5 birds were autopsied. All showed 
lesions so slight that they were interpreted as healing. Only 1 showed 
any definite erosion. The average grade was only 1. The remaining 
4 birds were autopsied four days later. Two showed no lesions, and 2 
showed only questionable lesions. It is obvious that rapid healing of 
ulceration occurs when cinchophen is removed from the diet. This cor- 
responds to the improvement already I'eported in lesions produced by a 
deficient diet alone when the deficiency is rectified.® 

Figure 6 also shows that lesions develop more slowly when a protec- 
tive diet is fed to which 1 per cent cinchophen is added. Seven 11 day 
old birds were fed on a basal diet to which 25 per cent alfalfa had been 
added instead of 10 per cent. Autopsies of 4 birds not only failed to 
show lesions after the first day, but the 3 remaining birds killed after 
four days did not show gastric ulceration. Two had mucosal hemor- 
rhages. The average grade for the 3 birds was only 0.67. 

8. Cheney, G. : Gastro-Enterology in 1936 ; Selected Topics, Arch Int Med 
60:705 (Oct.) 1937. 
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THE PREVENTIVE SUBSTANCE 

The protective substance which has been known as the anti-gizzard- 
erosion factor was originally thought to be identical with vitamin K. In 
the earlier experiments with diets deficient in this antihemorrhagic 
vitamin gizzard erosions were almost constant and were considered one 
of the cardinal manifestations of the deficiency. The bleeding tendency 
produced lesions of the gastric lining grossly simulating a hemorrhagic 
erosive gastritis and occasionally single gastric ulcers with severe and 
even fatal hemorrhage. However, five years ago Almquist and 
Stokstad ® clearly showed that the stomach erosions were not dependent 
on vitamin K deficiency. In the presence of adequate amounts of all 
the known vitamins in a vitamin K-deficient diet the erosions still 
occurred, even when vitamin K was administered in its natural form. 
I have repeatedly confirmed these observations by adding synthetic 
forms of vitamin K to vitamin K-deficient diets and noting the same 
incidence of ulceration as when no vitamin K had been added. This 
necessitated postulating the presence of an additional substance or factor 
closely associated with K. Almquist and Stokstad have shown that it 
is a fat-soluble sterol, but unlike vitamin K it is in the saponifiable 
fraction. 

A variety of substances have been tested for the presence of this factor. 
The results presented have been derived from the publications of Alm- 
quist and Stokstad,’-^ from personal communications with Almquist,' from 
articles by Dam and Schonheyder and by Bird and his co-workers 
and from heretofore unpublished experiments of mine. Alfalfa meal is a 
known standard source of protection, but its effect is complete only when 
it is fed at the 20 to 25 per cent level of diet. Different lots of alfalfa 
vary considerably in potency. Fresh kale and kale extract are highly 
effective at the 5 per cent level. Hempseed meal is protective at the 
10 per cent level. Dried hog liver is protective at the 20 per cent level, 

9. Almquist and Stokstad (footnotes Id and e and 6a). 

10. Almquist, H. J. : The Effect of Hemp Seed Preparations and of Fineness 
of Diet on the Chick Gizzard Lining, Poultr}’' Sc. 27:155, 1938; footnote \ c. 

11. Almquist and Stokstad (footnotes Ic and d). Almquist.^o 

12. Dam, H. : Hemorrhages in Chicks Reared on Artificial Diets : New Defi- 
ciency Disease, Nature, London 133:909, 1934. Dam, H., and Schonheyder, F. . 

A Deficiency Disease in Chicks Resembling Scur^x Biochem. J. 28:1355, 1934. 
Footnotes 1 a and b. 

13. Bird, H. R.; Oleson, J. J.; Elvehjem, C. A.; Hart, E. B., and Ha|pin, 

J. G.: Relation of Grit to the Development of the Gizzard Lining in Chicks, 
Poulto- Sc. 16:238, 1937. Bird, H. R.; Kline, 0. L.; Elvehjem, C. A.;_ Hart, E 
B., and Halpin, J. G.: The Distribution and Properties of the Anti-Gizzarcl- 
Erosion Factor Required by Chicks, J. Nutrition 12:571, 1936. 
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and liog liver fat and certain fractions of it are protective when they 
constitute as little as 3 per cent of the feed. Clarified wheat bran oil 
is effective when as little as 1.37 per cent is fed in the diet. 

A number of substances commonly used in the diet of human beings 
have been shown to contain this factor. Wheat bran is protective when 
it comprises 30 per cent of the diet and so is barley bran at the 62 per 
cent level. Other foods are cooked spinach 20 per cent ; canned mixed 
greens 0.5 per cent dry weight ; dried leaves of cereal grasses (cerophyl) 
1 per cent ; certified raw whole milk, pasteurized whole milk, buttermilk 
and 20 per cent cream fed in place of water ; raw egg yolks when fed 
in the proportion of yolk per chick per day for fourteen days ; olive 
oil 10 per cent ; fresh tomatoes ad libitum, and soy bean oil 10 per cent. 

The following wide variety of substances has been shown to be com- 
pletely or relatively impotent under the experimental feeding condition 
carried out : rice flour and bran ; sardine meal ; casein ; brewers’ yeast ; 
ground barley, 3 ^ellow corn, oats and rye ; soy bean meal ; peanut meal ; 
sesame meal; linseed meal; black and white sunflower seed; orange 
meal ; cod liver oil ; wheat germ oil ; copra, soya bean, rapeseed and 
linseed oil and oil of orange ; dried skim milk ; dried whole milk ; dried 
chicken livers ; hard boiled eggs (twenty minutes), yolk and white ; fresh 
lemon juice; fresh yellow carrots; fresh lettuce and fresh spinach; fresh 
green peas; artichokes; papaya; garlic; canned tomato juice; lard; 
avocados; dilute, concentrated and dry liver extracts given by mouth 
and sterile liver extracts administered by injection; dried calf brain; 
dried ox muscle ; dried ox tongue, and dried calf thymus. 

Other substances tried out for protective potency and found wanting 
are cholesterol, phytosterol, carotene, yeast sterols, alpha tocopherol, 
phylol, glucuronic acid, acacia, agar, choline, creatine, phytic acid, aloin, 
linoleic acid, copper sulfate, sodium acid phosphate, glycerine, cotton 
pulp and sand. 

The use of stomach extracts has been most enlightening. Almquist 
fed dried normal chicken gizzard linings at the 5 per cent level, which 
gave excellent protection, while diseased linings from chickens on a 
deficient diet were not effective. I found dried whole hog stomach 
extract and normal human gastric mucosa dried at 37 C. protective both 
at the 1 per cent and at the 5 per cent level. Only 1 of 8 birds fed on a 
deficient diet plus a supplement of 5 per cent hog stomach mucosa had 
a gastric lesion, giving an ulcer score of 0.25 ; while lesions developed 
in 6 of 9 birds receiving a 1 per cent supplement, giving a score of 0.89. 
Lesions developed in all of 11 birds of the control series without hog 
mucosa. The ulcer score was 1.7 per cent. A commercial preparation 
of hog stomach extract (ventriculin) was fed as a 5 per cent supplement 
to 8 birds, and lesions developed in 4, giving an ulcer score of 0.75. As 
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the control score for this experiment was 1.13, the margin of protection 
was not so pronounced as with the first series. Almquist and Mecchi 
reported negative results with dried stomach lining but did not state 
the source of their material, the method of dr 5 dng or the amounts fed. 

Similarly, 7 birds were fed 5 per cent normal human gastric mucosa 
as a supplement, in none of which lesions developed; while lesions 
occurred in 4 of 6 birds fed a 1 per cent supplement, giving a score of 
0.83. The results for the control group were the same as those obtained 
with hog mucosa extract. 

A commercial extract of pepsin fed at the 5 per cent level failed to 
produce any effect on the incidence of gastric lesions when fed alone 
or with 0.1 per cent of dilute hydrochloric acid administered in the drink- 
ing water. Higher concentrations of acid tended to cause gastric mucosal 
hemorrhages, general intoxication and frequently an early death. 

A number of therapeutic agents commonly employed in treating peptic 
ulcers in human beings were administered to chicks on a diet deficient 
in the anti-gizzard-erosion factor. The only one which may have been 
successful was powdered aluminum hydroxide fed at the 5 per cent level. 
The grade of erosion in 5 birds was low, 0.3, but the control group in this 
series showed an ulcer sore of only 0.75. Soda bicarbonate 1 per cent, 
magnesium trisilicate 5 per cent, gastric mucin 10 per cent, gelatin 5 per 
cent and daily injections of 0.1 cc. of histidine for twenty-one days failed 
to protect the birds from lesions. 

The protective substance is readily destroyed by heat. This was first 
demonstrated by Almquist and Stokstad in 1937.^*^ It was shown that 
preparations of dried kale heated at more than 100 C. for twenty-four 
hours lost completely their power to prevent gizzard erosions. Also soy 
bean oil and wheat bran, which afford fair protection at the 10 per cent 
level, failed to protect when heated at 120 C. for twenty-four hours. In 
1938 I found that although fresh egg yolks offered good protection 
against gastric erosion due to dietary deficiency, three-minute boiled yolks 
offered less protection and yolks boiled for twent)’- minutes offered poor 
protection. The relative ulcer scores for a group on each of these three 
experimental foods were 0.35 (control 1.9), 0.5 (control 1.10) and 1.23 
(control 2.0). Similarly, boiled milk was ineffective in comparison to 
fresh and pasteurized milk. 

The effect of heat at 80 C. on the vitafood diet has already been 
pointed out (fig. 2). Unheated this diet was highly protective, as only 1 
bird in 6 showed a superficial gastric lesion, with an average grade of 
ulceration for the group of 0.25, and even when 1 per cent cinchophen 

14. Almquist, H. J., and Mecchi, E. : Influence of Bile Acids, Vitamin K and 
Cinchophen on Erosions of the Chick Gizzard Lining, Proc. Soc. Exper. Biol. & 
Med. 46:168, 1941. 
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was added, only 4 of 8 birds showed lesions, with a score of 0.61 ; all 
of these lesions were superficial. When this same diet was heated six 
hours at 80 C., it did not prove more deficient, the grade of ulceration 
being 0.2 for 10 birds, only 2 showing superficial lesions. However, this 
heated diet had lost its latent reserve power of protection, for when 1 per 
cent cinchophen was added lesions developed in all 10 birds, with an 
average grade of 1.95, which is more than three times as pronounced 
as when the diet was unheated. 

Heating the vitafood diet twenty-four hours at 80 C. proved even 
more destructive to the protective factor. Lesions developed in 5 of 8 
birds on this heated diet without cinchophen. The grade of ulceration 
was 0.63. When cinchophen was added at the 1 per cent level, all 7 birds 
in the group fed showed lesions, one of which was of the punched-out 
type and one was penetrating deeply into the muscular layer. The 
average score of the lesions was 2.29 to be compared to 0.61 without 
heat and 1.95 when the period of heating was eighteen hours shorter. 

THE PROTECTIVE SUBSTANCE AND CINCHOPHEN ULCERS 

It has already been pointed out in discussing the production of gastric 
ulcers by cinchophen that a certain type of diet, such as vitafood, may be 
much more protective than another, such as the basal diet containing 
alfalfa. The efficacy of a few specific food substances in regard to this 
protective capacity has been noted in a previous communication.^ It was 
shown to be present in dried leaves of cereal grasses, canned mixed greens 
and milk. Further studies along similar lines have been carried out, and 
the results are recorded in table 1. The majority of food substances 
tested fall into three general groups: greens and milk; various forms 
of fresh liver, and stomach extracts. 

The effect of dried leaves of cereal grasses was tried out again. It 
was added at the 5 per cent and the 10 per cent level to the basal diet 
containing 0.5 per cent and 1 per cent cinchophen. Table 1 shows that it 
proved protective against both 0.5 and 1.0 per cent cinchophen as com- 
pared to the controls but that the. 10 per cent level was no more effective 
than the 5 per cent level. Twenty per cent canned wet spinach was not 
effective against the basal diet with alfalfa which contained 1.0 per cent 
cinchophen, although the diet was not relished, and consequently the birds 
received less cinchophen than the control group. Due to the bulk of the 
diet, the cinchophen may well have been retained longer and proved more 
toxic. This is also suggested by the poor gain in weight of this group. 
Fresh milk in place of water added to the same diet gave good protection 
as did e^ aporated milk diluted to its original volume. However, it must 
be noted that birds allowed to drink milk freely eat less of the diet than 
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the control birds and consequently receive somewhat less cinchophen. 
Almquist and associates have recently confirmed the protective prop- 
erties of milk. 

Fresh liver was fed separately from the mash to ten groups of chicks 
which were receiving 1.0 per cent cinchophen. The liver therapy was 
started five days before feeding cinchophen and was continued throughout 
the experiment, usually for a total period of two weeks. The liver was 
preserved frozen at — 10 C. and only thawed out immediately before it 
was offered to the birds each day. The dose was 2.5 Gm. per bird in all 
but 1 experiment, when 10 Gm. per chick was fed. The chick livers used 
in group S-6-2A were from month old birds which had received 1 per 
cent cinchophen in the diet for twenty-one days. The dog liver used 
in group S-3-5 was from 2 adult dogs which had received 0.2 Gm. of 
cinchophen per kilogram of body weight daily for seventeen and twenty- 
five days before death, and that used in group S-3-7 was from 2 dogs 
on the same dose which were killed on the twenty-ninth day of cinchophen 
feeding. 

The normal chick liver was not protective. In the table it looks as if 
liver from chicks treated with cinchophen might have been protective, as 
the ulcer score of 2.1 was less than the 2.67 score of the controls. How- 
ever, the number of birds in group S-6-2A was too small to afford a basis 
for any such conclusion. It is evident that dog liver is definitely pro- 
tective, although not strikingly so. The group of chicks receiving 10 Gm. 
of liver per bird was probably better protected than that receiving 2.5 Gm, 
and better protected than the table indicates, as 1 per cent of cinchophen 
was added to the liver in this experiment in addition to that which was 
added to the mash diet. This addition was considered justifiable as these 
birds ate proportionately less mash because of the large amounts of meat 
ingested, but this also meant that more cinchophen was eaten than in the 
other groups. The two groups of birds fed liver from cinchophen-treated 
dogs showed no evidence of protection compared to the control group 
without liver, the ulcer scores being slightly higher, while the birds in this 
series receiving liver from dogs not treated with cinchophen showed a 
definite, although slight, reduction in the degree of ulceration. The grade 
for this series was 1.6 compared to the control grade of 1.95. Group 
S-1-4 fed human liver appeared to be definitely protected, with an ulcer 
grade of 0.38 compared to the control of 0.61, but the difference in these 
figures is not sufficient to make certain of this point without studying a 
larger group of birds and having a control group with more severe lesions. 

15. Almquist, H. J.; Mecchi, E., and Kratzer, F. H.: Effect of Afilk on 
Gizzard Erosion and Cholic Acid in the Chick, Proc. Soc. Exper. Biol. & Aled. 
47:525, 1941. 
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The gastric mucin was fed to the 8 birds in group S-1-7 in table 1 
with the expectation that this extract of gastric secretion might prove 
protective against gastric ulceration in chicks, as such protection has been 
claimed in treating peptic ulcers in human beings. However, not only 
did the mucin not prove protective, but the degree of ulceration in group 
S-1-7 was twice as severe as in the controls. This untoward effect of the 
mucin might be attributed to its histamine contact, but this particular 
preparation is presumably histamine free. It may have been constipating, 
causing greater toxicity from the cinchophen, or the mucin itself may have 
some unknown toxic properties. It should be studied further. 

An experiment with a liquid preparation of gastric secretion made 
from the fresh mucosa of the pig (gastron) proved interesting in a 
similar manner. Seventy-five grams of mucosa yields 100 cc. of solu- 
tion, which contains active pepsin and approximately 0.25 per cent 
hydrochloric acid. It was supplied in the drinking water, with 3.3 cc. 
(2.5 Gm. fresh mucosa) allowed per bird per day in 2 experiments, but 
was offered as a substitute for drinking water in group S-2-2. It proved 
so toxic for this last group that only 2 birds survived the expei'iment, and 
no deductions could be drawn. One of the other two groups was used as 
a control, while 1 per cent cinchophen was fed to the second. The chicks 
receiving cinchophen showed a grade of ulceration of 1.35, which was 
three times as severe as that of the control group given gastron without 
cinchophen but was also more than twice as severe as that of the control 
groups given cinchophen without gastron. Evidently, the gastron made 
the birds more vulnerable to cinchophen ulceration, possibly b}'’ increasing 
the amount of peptic activity of the chicks’ stomach contents. 

BILE THERAPY 

Four years ago Almquist and Mecchi reported the protective action 
of bile on gizzard erosions. They found that whole bile, fresh or dried ; 
concentrated beef bile ; sodium glycocholate ; sodium taurocholate ; cholic 
acid, and dehydrocholic acid were all highly effective when fed as 0.5 
per cent of the diet. Desoxycholic acid was not nearly so effective, nor 
was dehydrocholic acid when given by intramuscular injection. Two 
years ago I tested the protective activity of two commercial preparations 
of bile salts comprising 2 per cent of the diet. The first, a combination 
of sodium glycocholate and sodium taurocholate (Fairchild Brothers and 
Foster), gave complete protection to all 10 birds fed. The second, iron 
bile salts (bilron, Lilly), gave almost complete protection. 

In a further paper in 1941 Almquist and Mecchi confirmed their 
previous observations on the effect of bile acids on gizzard erosions due 

16. Almquist, H. J. : Influence of Bile Acids on Erosions of the Chick Gizzard « 
Lining, Science 87:538, 1938. Almquist, H. J., and Mecchi, E. : The Influence 
of Bile on Erosions of the Chick Gizzard Lining, J. Biol. Chem. 126:407, 1938. 
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to dietary deficiency and noted the same protective action of bile acids 
and salts against similar lesions produced by feeding cinchophen. They 
found a marked increase in cholic acid in the gizzard lining and in the 
gallbladder bile of birds fed cholic acid but not in those fed types of bile 
acids other than glycocholic acid. Ox bile salts also produced a high 
cholic acid content of the chick bile. They concluded that the protective 
action of certain bile acids, particularly cholic acid, and of bile salts 
against gastric lesions due to a deficient diet or due to cinchophen is 
dependent primarily on “bile and especially cholic acid coming in periodic 
direct contact with the lining serving naturally to aid in maintaining the 
lining in sound condition.” 

In 1940 I fed 2 per cent of a combination of sodium glycocholate and 
sodium taurocholate to a group of 8 chicks receiving 1 per cent cincho- 
phen added to a slightly deficient diet (table 1). Characteristic 
cinchophen ulcers developed in all but 1 of these birds, and the average 
score was 2.5. This score was not significantly less than that for the 
control group, which did not receive cinchophen. It was 2.67. In two 
subsequent experiments, shown in table 1, 2 per cent cholic acid was 
added to a protective diet which had given an ulcer score of 0.25. In the 
first experiment 0.5 per cent cinchophen was also added to the diet and in 
the second 1 per cent cinchophen. In the first, a lesion developed in only 
1 of 6 birds, giving an average score of only 0.33, but the control series 
of 10 birds for this group, which did not receive cholic acid, had an 
average score of only 0.15. Similarly, of the 6 birds in the second 
experiment, lesions developed in 2, giving an average score of 0.92, but 
the control group had an average score of only 0.61. These experiments 
with bile salts and cholic acid do not show evidence of any protection 
against cinchophen gastric ulcers, and this negative result is in accord 
with a similar one already reported.® 

These results are just the opposite from those of Almquist and 
Mecchi, but it should be noted that they used a different method of 
grading the gastric lesions. Their method is based on the extent of 
surface involvement and not on the depth of the ulceration. Many 
penetrating and perforating ulcers occur singly and may be not over 
1 to 2 mm. in diameter. This type of lesion would tend to give a low 
score by their method and a high one by my method. The two cannot 
justl}'’ be compared. 

OTHER EFFECTS OF CINCHOPHEN 

Cinchophen feeding markedly affects the general nutrition of the 
bird. The early toxic effects tend to abate somewhat after the second 
or third day, presumably because the birds eat less per day. One-half 
per cent of cinchophen produces little or no toxicity, but 1 per cent 
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cinchophen nearly always affects the birds noticeably. However, in birds 
taking highly protective diets the signs of toxicity may be completely 
lacking. This neutralization of the usually encountered toxic signs was 
complete in the birds receiving 10 per cent dried leaves of cereal grasses 
cerophyl in the diet and almost complete in the groups receiving 5 per 
cent dried leaves of cereal grasses, milk and liver. A low grade of 
gizzard ulceration could be predicted in those birds failing to show signs 
of toxicity when first offered a diet containing 1 per cent cinchophen. 

The birds’ appetites were depressed early when fed cinchophen, and 
this, together with the frequent passage of the characteristic watery 
mustard-like stools, resulted in slow gain in weight after the first week 
compared to the control birds which received no cinchophen. If the 



Fig. 7. — The retarding effect of cinchophen fed as 0.5 per cent and as 1 per cent 
of a vitafood diet on the growth of groups of chicks as shown by a comparison 
of their average weight curves with that of a normal control group of birds. There 
were 10 birds in each of the three groups. The lower curves indicate the amount 
of cinchophen ingested. 

chicks were on a deficient diet as well, the retardation in growth was 
manifest earlier and was more pronounced. The comparative weights 
at the time of autopsy shown in table 1 show the pronounced variations 
which may occur with cinchophen therapy and different forms of feed. 

The effect of cinchophen on gain in weight is well illustrated in 
figure 7 . Three groups of 10 1 week old chicks were used for this 
experiment, and all received the highly protective diet vitafood. One 
group received 0.5 per cent cinchophen in the diet for two weeks ; one 
received 1 per cent cinchophen. and the third served as a control 
receiving the diet without cinchophen. The first two groups jrained 
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almost the same amount of weight for the first week, increasing 405 
and 388 Gm. respectively, while the control group gained -500 Gm. But 
by the end of the second week, the group receiving 0.5 per cent cincho- 
phen had gained 600 Gm. more and the group on 1 per cent cinchophen 
only 360 Gm. more. The control group gained another 930 Gm. for the 
same period. The amount of cinchophen consumed for the two week 
period was computed from the amount of diet eaten. All such quantita- 
tive determinations are inaccurate in these experiments as an unknown 
amount of the feed is wasted by the chicks. Nevertheless, the figures 
of 11.9 and 21.9 Gm. represent a reasonable approximation of the rela- 
tive amount of cinchophen taken by each of the two groups, based on the 
first group consuming 2,380 Gm. of feed and the second group 2,190 Gm. 
The larger amount of cinchophen ingested is clearly associated with a 
gain in weight in the second week of 40 per cent less than in the other 
group despite the fact that the dietary consumption was only 8 per cent 
less for the same period. This indicates that the toxic effect of cincho- 
phen retards growth in some other manner than by depressing appetite 
and thereby cutting down food consumption. Lehman and Hanzlik 
came to the same conclusion in 1933 when feeding cinchophen to rats 
and rabbits. 

Possibly an increase in diarrhea may be a factor, as table 1 shows 
little ulceration occurred in either of these two groups (S-1-1 and 
S-1-8) despite the lack of satisfactory gain in weight. 

No consistent postmortem changes other than ulcers in the gizzard 
have been found. In a few experiments previously noted ^ gross changes 
in the liver were observed under special dietary conditions coincident 
with cinchophen feeding. No histologic evidence of hepatitis or necrosis 
has been identified, but it should be noted that lethal doses of cinchophen 
have been avoided and only short time experiments have been carried 
out. No birds have been treated with this drug longer than one month 
and most of them for less than two weeks. Further studies of the effects 
of cinchophen on the liver will be reported at a later date. 

THE NATURE OF THE DISORDER 

The cause of erosions developing in the lining of the gizzard of 
chicks fed on a deficient diet is perfectly clear. The birds’ food must 
contain an “anti-gizzard erosion factor,” or lining lesions will occur, 
and an ample supply of this factor in the feed will prevent or clear up 
lesions. The factor has to do with the normal nutrition of the gastric 
mucosa in the muscular portion of the stomach. If it is inadequate in 
amount, mucosal bleeding takes place which may lead to ulceration. As 

17. Lehman, A. J., and Hanzlik, P. J. : Cinchophen Toxicosis, Arch. Int. Med. 
52:471 (Sept.) 1933. 
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the earlier pathologic manifestations of the deficiency are identical with 
those occurring in birds fed cinchophen and as they may be prevented 
or cleared up by feeding the same dietary factor, it seems evident that the 
basic nature of the lesions attributed to cinchophen and those due to a 
deficient diet will be the same. If this toxic drug interferes with the 
assimilation of the dietary factor, the gastric mucosa will be deprived 
of the necessary protective substance just as if it were barred from the 
diet. There is an excellent precedent^ for this explanation in two well 
recognized types of vitamin K deficiency. The diet may be deficient in 
vitamin K, causing prolonged blood and plasma coagulation times, or 
severe hepatic damage despite an adequate diet may interfere with the 
metabolism of vitamin K and cause the same end result — tendency to a 
fatal hemorrhage. 

The possibility of cinchophen causing a toxic effect on the gizzard 
lining by direct contact must be considered, but this hypothesis does not 
seem probable for three reasons: First, the initial lesion, bleeding, is 
beneath the chitinous lining of the gizzard and not at the surface. 
Second, the early erosive lesion does not develop until one or more days 
after cinchophen has been introduced. If the drug action was a direct 
toxic one, lesions should appear eaidier. Third, it has been demonstrated 
in dogs that cinchophen gastric ulcers can be produced by injecting the 
drug intravenously when no direct contact with the gastric mucosa ever 
occurs.^® While administration by this route has not yet been tried in 
chicks, it is logical to assume that if cinchophen gastric ulcers in dogs 
(and cats) are produced indirectly, the same mechanism would be 
applicable to birds. In order to test this hypothesis, 7 birds 3 months 
old weighing approximately 1 Kg. each were given intraperitoneal injec- 
tions daily for ten days of a solution of cinchophen containing 0.02 Gm. 
per cubic centimeter. The conditions and results of this experiment are 
recorded in table 2. Five of the birds so treated showed definite lesions, 
with an average ulcer score for the whole group of 1.36. The 5 control 
birds on the same diets but not receiving cinchophen did not show lesions 
in the gizzard, giving an ulcer score of 0. Although the groups of birds 
studied are small, the development of lesions in 71.4 per cent of those 
receiving cinchophen parenterally contrasted to the absence of lesions 
in the control group is good evidence that cinchophen gastric ulcers 
can be produced in chickens without introducing the drug into the 
stomach. Consequently, until positive proof is offered to the contrary, 
cinchophen gastric ulcers in chicks may be considered as due to some 
indirect action of the drug. 

18. Stalker, L. K. ; Bollman, J. L., and Mann, F. C. : Experimental Peptic 
Ulcer Produced by Cinchophen; Methods of Production. The Effect of a 
Mechanical Irritant and the Life History of the Ulcer, Arch. Surg. 35:290 
(Aug.) 1937. 
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On account of cinchophen’s well known capacity for damaging the 
liver in human beings as well as in experimental animals, the possibility 
that hepatic damage may be the indirect cause for gastric ulceration in 
chicks must be explored. The lack of positive histologic evidence for 
this does not settle this point, as it is readily conceivable that a disorder 
in hepatic function can occur without morphologic evidence. The bene- 
ficial effect of feeding hog liver fat and fresh liver shows that at least 
liver contains the antiulcer factor-, and evidence is presented in table 1 
that feeding cinchophen to an animal may destroy this factor. Further 
support to this theory is offered by a group of birds now under observa- 
tion which are receiving 5 per cent diethylene dioxide (dioxane) in the 
drinking water. This substance has a selective toxic action on the 


Table 2. — Ulceration in Gizzards of Chicks Following Parenteral Administration 

of Cinchophen* 


Bird No. 

Diet 

Amount of Cinchophen 

Dicer Score 

Comment 

1 

Vitafood 

5 cc. (0.1 Gm.) 

1.5 

1 lesion 

2 

Vitafood 

6 cc. (0.1 Gm.) 

2.0 

2 large lesions 

3 

Vitafood 

5 cc. (0.1 Gm.) 

0 

Normal 

4 

Vitafood 

None 

0 

Control, no lesions 

5 

Vitafood 

None 

0 

Control, no lesions 

6 

Basal diet 

10 CO. (0.2 Gm.) 

2.0 

3 lesions 

7 

Basal diet 

10 CC. (0.2 Gm.) 

1.5 

2 small lesions 

8 

Basal diet 

5 CC. (0.1 Gm.) 

0 

Normal 

9 

Basal diet 

5 CC. (0.1 Gm.) 

2.5 

3 large lesions 

10 

Basal diet 

None 

0 

Control, no lesions 

11 

Basal diet 

None 

0 

Control, no lesions 

12 

Basal diet 

None 

0 

Control, no lesions 


* Each of 7 birds weighing approximately 1 Kg. received ten daily intraperitoneal injec- 
tions of a solution of cinchophen. Lesions developed in 5. Five control birds did not show 
any lesions in the gizzard. 


liver and kidney.^® Nine birds were killed between the eighth and the 
twelfth day of the experiment. All 9 showed gastric ulcerations of 
the same type as develop when cinchophen is fed. This experiment will 
be reported on in detail at a latter date. At present it would seem justi- 
fiable to assume that cinchophen alters hepatic function and thereby 
interferes with the normal delivery of the protective substance to the 
gastric mucosa. 

Such a hypothesis would be consistent with the present state of 
knowledge concerning the administration of bile salts and bile acids. 
They offer excellent protection against lesions due to dietary deficiency, 
presumably because they facilitate the absorption of the fat-soluble 
antierosion factor. The)’’ may under certain conditions prove similarly 
effective against cinchophen gastric ulcers for the same reason, but 

19. Fairle 3 ’, A. ; Linton, E. C, and Ford-Moore, A. H. : The Toxicity to 
Animals of 1-4 Dioxan, J. Hyg. 34:486, 1934. 
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if hepatic function is markedly deranged, they may prove ineffectual, 
as the factor could not be properly utilized, even though it was absorbed 
in sufficient amount. 

Whatever the niodtus operandi of this fat-soluble antierosion factor, 
it would seem desirable for the sake of convenience, both for brevity 
and specificity, to designate it as a vitamin and in view of its antiulcer 
properties to call it vitamin U. Its characteristics are now so well 
recognized in experiments on chicks that such terminology would appear 
to be entirely justifiable. 

THE PEPTIC ULCER PROBLEM IN HUMAN BEINGS 

The gastric ulcers in chicks which have been described as due to a 
dietar}'- deficiency or to the ingestion of cinchophen or to a combination 
of both present striking similarities to the peptic ulcers occurring so 
commonly in human beings. However, there is at present absolutely 
no positive evidence that the mechanism of production of ulcers in the 
gizzards of birds is related to the problems of the etiology of peptic 
ulcers in human beings. Nevertheless, certain similarities cannot be 
overlooked as offering a new type of evidence that a conditioned nutri- 
tional deficiency may be a factor in precipitating the primary lesion 
in the development of peptic ulcers in patients. 

At present it will suffice to point out that ulcers in chicks are always 
in the muscular part of the stomach where highly acid gastric juice 
rich in pepsin first strikes the wall and that macroscopically and micros- 
copically they have the characteristics of peptic ulcers developing in 
animals or man. Similarly, gastric ulcers have been dsecribed in dogs, 
cats and even human beings after the administration of cinchophen. 
Also the clinical evidence of peptic ulcer varies in certain groups of 
people or in nations related to the type of diet consumed,^^ and Fanley 
and Iv}'^ have shown that a special diet can reduce the incidence and 
modify the severity of experimentally produced jejunal ulcers in dogs. 

20. Van Wagoner, F. H., and Churchill, T. R: Production of Gastric and 
Duodenal Ulcers in Experimental Cinchophen Poisoning in Dogs, Arch. Path. 14 ; 
860-869 (Dec.) 1932. Schwartz, S. O., and Simonds, J. P. : Peptic Ulcers 
Produced b}' Feeding Cinchophen to Mammals Other than the Dog, Proc. Soc. 
Exper. Biol. & Med. 32:1133-1134, 1935. Simonds, J. P. ; Mode of Origin of 
Experimental Gastric Ulcer Produced by Cinchophen, Arch. Path. 26:44 (July) 
1938. Stalker, Bollman and Mann.is 

21. Reah, T. G.: Cinchophen Poisoning, Lancet 2:504, 1932. Bloch, L., and 
Rosenberg, D. H. : Gastric Ulcers Associated with Cinchophen Poisoning, Am. J. 
Digest. Dis, & Nutrition 1:29, 1934. 

22. Alsted, G. : Studies of the Changing Incidence of Peptic Ulcer of the 
Stomach and Duodenum, London, Oxford University Press, 1939, p. 20. 

23. Fanley, G. B., and Ivj^, A. C. : The Prevention of Postoperative Jejunal 
Ulcers by Diet and Fundusectom}^ Surg., Gynec. & Obst. 63:717, 1936. 
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The initial lesion in chicks is bleeding, which corresponds to recent 
gastroscopic observations on human subjects,^^ and the development of 
the ulcer may be furthered b}' increasing the hydrochloric acid and 
pepsin concentration in the gastric contents as shown by feeding gastron. 
The beneficial effect of milk on gastric ulcers in birds has a well known 
counterpart in patients with ulcer. The experiments on birds suggest a 
vitamin factor as responsible for the therapeutic efficacy of milk rather 
than its liquid form and show that this factor is destroyed by heat. 

There is considerable evidence that a disturbance in hepatic function 
can be responsible for the development of peptic ulcers in chicks. Such 
a disturbance has also been held responsible for the appearance of ulcers 
in the stomachs of dogs fed cinchophen,^® and it has been suggested that 
there is a clinical relation between altered hepatic function and peptic 
ulcers in patients.^® Whether such comparisons between the erosive 
and ulcerative lesions of birds’ gizzards and peptic ulcer in human 
beings nia)’’ prove entirely illusionary must depend on the results of 
future investigations, but the marked similarities between the peptic 
ulcers of birds and of patients suggest a relation which must be disproved 
by experimentation before it can be disregarded. 

SUMMARY 

1. It has been demonstrated repeatedly in the last five years that 
superficial ulcers (erosions) develop in the gizzards of chicks which 
are fed on a deficient diet. The deficiency is due to the lack of a specific 
substance termed the anti-gizzard-erosion factor and can be prevented 
or cured by the addition of this factor to the diet. 

2. This factor is fat-soluble, is contained in the sterol fraction of 
fat which is saponifiable and is readily destroyed by heat. It occurs 
in close association with, but is definitely separate from, vitamin K 
and is present in alfalfa, many cereals, liver, fish oils, fresh milk and 
a variety of other substances. 

3. The same type of lesion can be produced in the muscular portion 
of the chick’s stomach by the administration of cinchophen either orally 

24. Schindler, R. : Chronic Localized Gastric Purpura, Am. J. Digest. Dis. 
5:796, 1939. 

25. Reymont, A.: A Study of Liver Function in Experimental Peptic Ulcer, 
Am. J. Digest. Dis. 1:65, 1940. 

26. Vilardell, J., and Corachan Llort, M. : Estudio histologico del higado (por 
biopsia) en las colecistitis y ulcus gastro-duodenal. Rev. med. de Barcelona 17: 
■225, 1932. Jergesen. F. H., and Simonds, J. P. : The Blood Lipase in Patients 
with Peptic Ulcer, J. Lab. & Clin. Med. 19:1054, 1934. Schnitker, M. A., and 
Hass, G. M. : A Histological Study of the Liver in Patients Affected with Peptic 
Ulcer, Am. J. Digest. Dis. & Nutrition 1:537, 1934. 
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or parenterally, and increased amounts of this toxic drug will produce 
more pronounced and even penetrating and perforating ulcers. These 
ulcers tend to heal rapidly when cinchophen .feeding is stopped. 

4. Cinchophen gastric ulcers in chicks are more pronounced the more 
deficient the diet and grossly and histologically resemble peptic ulcers 
in human beings. Only acute and subacute lesions have been studied to 
date. 

5. As the same dietary factor evidently prevents or modifies gastric 
ulcers due to cinchophen that prevents dietary deficiency ulcers, it is 
suggested that this factor be designated as vitamin U because of its 
proved antiulcer properties in the chick. 

6. Certain bile acids and bile salts will prevent the development 
of deficiency ulcers in chicks and may have a similar beneficial effect 
on cinchophen gastric ulcers. This observation is best explained by 
assuming that bile promotes the intestinal absorption of the fat-soluble 
factor. 

7 . It seems probable that the ulcer-producing properties of cin- 
chophen are due not to direct action on the lining of the stomach but to 
an indirect effect on the liver. Damage to the liver may then interfere 
with the elaboration and storage of the antiulcer factor and its delivery 
to the stomach wall. There are a number of independent observations 
in the literature on ulcers in dogs and in patients to support such a 
hypothesis. 

8. There is at present no proved relation between this antiulcer 
factor and the problem of the etiology of peptic ulcer in human beings. 
There is, however, much to justify a critical survey of the clinical prob- 
lem before dismissing the possibility of such a relation. 


210 Post Street. 



TREATMENT OF PNEUMONIA WITH 
SULFATHIAZOLE 


ALVIN E. PRICE, M.D. 

AND 

GORDON B. MYERS, M.D. 

DETROIT 

Sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazole) has been 
widely used for the treatment of pneumococcic pneumonia during the 
past two years. There are numerous reports attesting to its value, but 
only one series exceeding 250 cases has been described to date. The 
following report is based on 557 cases of pneumonia in which treatment 
was with sulfathiazole. 

METHOD 

Diagnosis . — The cases included in this study represent all patients over 12 years 
of age with pneumonia who were admitted to the pneumonia services of the City 
of Detroit Receiving Hospital and the William J. Seymour Hospital, Eloise, Mich., 
between Jan. 1, 1940 and Aug. 1, 1941 and who were treated with sulfathiazole. 
The diagnosis was confirmed by roentgenogram in every case. On admission 
sputum was typed directly by the Neufeld method, and the results were checked 
either by mouse inoculation or by the direct typing of a second specimen. Typing 
was repeated in the event of an extension. Blood cultures were made on admission 
and were repeated daily. Hemoglobin estimations, white cell counts and differential 
counts were made frequently during therapy. Red cell counts were made routinely 
at the beginning and at the end of treatment. 

Dose of Sulfathiazole . ~ — The dose administered depended on the severity of 
illness. In the vast majority of cases (420) an initial dose of 60 grains (4 Gm.) 
was given by mouth and followed by 15 grains (1 Gm.) every four hours around 
the clock (six times daily) until the temperature remained normal for twenty-four 
to forty-eight hours. In a limited number of cases (51) doses one-half as large 
as those just mentioned were given. In 71 cases in which the patients were 
critically ill an initial dose of 60 grains (4 Gm.) of sodium sulfathiazole was 
given intravenously. In most instances this dose was repeated two hours later. 
Thereafter, in these cases the patients received sulfathiazole orally or the sodium 
salt intravenously in doses of 15-30 grains (1-2 Gm.) every four hours until 
convalescence was established. Type-specific antipneumococcus serum was given 
as a supplement in 23 cases in which the patients were critically ill and in which 
the causative pneumococci w'ere distributed by tj'pe as follows ; type I, 5 cases ; 

From the Department of Medicine, Wayne Universiti'' College of Medicine. 

1. Schwartz, L., and Flippin, H. F. : Sulfathiazole in the Treatment of Pneu- 
monia, Pennsylvania Af. J. 44:446, 1941. 

2. Atost of the sulfathiazole used in this study was furnished bj' E. R. Squibb 
and Sons and Alerck and Companj'. 
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Table l.-Stnnmary of Pertinent Data in Five Hundred and Fifty-Seven Cases of Pneumonia in Which Treatment Was zvilh Sulfathtaaole 
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* N. D., Wood culturo positive for pneumococci; colony count not done, 
f The flguro In parentheses indicates the number of deaths. 
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type II. 6 cases ; type III, 5 cases ; type IV, 2 cases ; type V, 1 case, and type VII, 
4 cases. During the early part of the study an equal amount of sodium bicarbonate 
was given with each dose of sulfathiazole. Since this was found inadequate for 
alkalinization of the urine, the dose was later increased to one teaspoonful. The 
level of sulfathiazole in the blood was determined within twenty-four hours of the 
beginning of medication and daily thereafter. 

SUMMARY OF CASES 

Age, Sex and Race. — The age distribution is given by decade in 
table 1. In more than one half of the cases (57 per cent) the patients 
were over 40 years of age. The proportion of males was 78 per cent. 
The race distribution was as follows : white patients, 63 per cent, Negro 
patients, 37 per cent. 

Type and Severity of Pneumonia. — Most of the significant data are 
summarized in table 1. The interval between the onset of pneumonia 
and the beginning of chemotherapy exceeded ninety-six hours in 29 per 
cent of the cases. The pneumonia was classified as lobar in 75 per cent 
of the cases. More than one lobe was involved in 31 per cent of this 
group. Pneumococcic bacteremia was present in 19.4 per cent of cases 
of pneumococcic pneumonia (16.3 per cent of the entire series). Colony 
counts were done in 60 cases of bacteremia, and over 100 organisms per 
cubic centimeter were found in 28 per cent. The leukocyte count on 
admission was below 6,000 in 35 cases (6 per cent) and was between 
6,000 and 10,000 in 78 additional cases (14 per cent). 

Associated Diseases.- — A history of daily consumption of large 
amounts of alcohol was obtained in 97 cases (17 per cent), in many of 
which the patients were admitted in delirium tremens. In a total of 38 
cases there was definite clinical evidence of congestive heart failure; in 
36 others there was compensated organic heart disease. Cirrhosis was 
encountered in 8 cases; toxic hepatitis was present on admission in 3 
others, and moderate to marked azotemia was present before therapy 
in a total of 18 cases. There were 6 cases of diabetes mellitus, 9 cases of 
a malignant growth, 9 cases of chronic pulmonary tuberculosis and 21 
cases of chronic asthmatic bronchitis or bronchiectasis. Empyema was 
present on admission in 5 instances. The pneumonia was secondary to 
chest injury in 12 cases and followed operation in 36. 

RESULTS 

Fatality Rate. — The uncorrected fatality rate for the entire series of 
557 cases was 11.3 per cent. The fatality rate by decade was as follows: 
second decade, 0; third, 2.6 per cent; fourth, 9.1 per cent; fifth, 9.6 per 
cent; sixth, 14.1 per cent; seventh, 17.2 per cent, and eighth and over, 
30.6 per cent. In those cases in which treatment with sulfathiazole was 
started within ninety-six hours of the onset of pneumonia the fatality rate 



PRICE-MYERS—SULFATHIAZOLE FOR PNEUMONIA 


561 


was 7.6 per cent; in the remainder it was 1/ .0 per cent. Theie were 5.8 
per cent deaths in the cases of lobar consolidation confined to one lobe, 
23.2 per cent deaths in cases of consolidation of two or more lobes and 
11.6 per cent deaths in cases of bronchopneumonia. The fatality rate for 
all 92 cases of bacteremia was 28.2 per cent. A breakdown of these 
figures according to colony count gave the following results ; less than 
10 organisms per cubic centimeter, 16.6 per cent deaths ; 10 to 100 per 
cubic centimeter, 18.2 per cent deaths, and over 100 per cubic centimeter, 
76.4 per cent deaths. 

Analysis of Deaths . — An analysis of the deaths is presented in table 2. 
In 19 cases death occurred within twenty-four hours of the institution 
of sulfathiazole therapy. If these cases were excluded, the corrected 
fatality rate would be 8.1 per cent. In 24 additional cases the patients 
were considered to have terminal pneumonia complicating serious 
debilitating disease (such as cardiac failure or uremia). If these were 
also excluded, the corrected fatality rate would be 3.9 per cent. In 3 
cases death was due to empyema or abscess of the lung, and in 3 it was 
due to pneumococcic endocarditis. In at least 1 of the latter the endo- 
carditis was probably pi'esent on admission. In 5 cases fatal extension 
developed after apparent response to chemotherapy. In 1 case (60) an 
extension of the patient’s pneumonia caused by pneumococci of type I 
and a blood culture positive for these organisms developed during the 
administration of sulfathiazole. The organisms recovered from the blood 
stream were resistant to sulfathiazole in vitro, growing in mediums con- 
taining 20 mg. per hundred cubic centimeters. In 1 case death from 
circulatory collapse followed the administration of epinephrine. Toxic 
reactions from sulfathiazole were a major factor in death in 2 cases. 
In 1 of these cases (61) the patient died in anuria after exfoliative 
dermatitis. In the other case (63) the patient showed numerous acetyl- 
sulfathiazole calculi in both kidneys at autopsy. 

Clinical Effects . — The temperature fell to normal within twenty-four 
hours of the institution of sulfathiazole therapy in 145 cases (26 per cent) 
and within forty-eight hours in a total of 288 cases (51.7 per cent). The 
concentration of free sulfathiazole in the blood was determined at 
defervescence in 299 cases. It was below 2 mg. per hundred cubic 
centimeters in 83 cases, between 2 and 4 mg. in 124 cases, between 4 and 
6 mg. in 59 cases and over 6 mg. in 33 cases. The temperature fell by 
crisis in many cases in which the blood levels of sulfathiazole consistently 
were between 1.5 and 3 mg. per hundred cubic centimeters. The blood 
culture became negative for pneumococci in 76 of the 92 cases of 
bacteremia (82.6 per cent). In most instances this occurred within 
twelve to twenty-four hours of the institution of chemotherapy. In 10 
cases in which the blood culture became negative the patients died sub- 







CS5 

W 

<5 




Cl 

3 







"a 

03 



t4 

03 



0 

a 

4D 

Cl 

a 

s a 

3 

0 

a 

5 

Cl 

3 

Cl 

^ 93 

Cl trs 

a^ 

s 

• * ^4 

3 
r* © 

§& 

0 


3 a 

a 

0 

' a 

Cl 

a 

0 © 

“ 

ag 

Cl « 


s 

Cl 

a 

•gag 

K t/j 

s ©s 
°V. ■" 

ag 

6 i 

4-1 


cs ira 


O 

>» 

a 

s 

*0 


2 « 




o i: cn 

®§3 

5 : 1 s 


= ° 
o^ 


txt 

m « 

o i 2 

tn ^ 

^ a 

t) 


y. 

o 

'a 

a 

a 

03 O 

2 *m 

Se 

O'O 

c3 

C 
O 


2 S — 

a°- 




03 03 

gg 

ai 


3*S P « S 

M ^ *H ^ M 


3 

O 

w 


fl 

A 


o o 
o p. 

O 03 

tfl O 


* >»*2 - 

Hn^Ha 

3 0^3 3 
id 3 o J2^ 

•p c2 M *3 *3 
O <PP 


2 a 
1 -1^ ..s 

e3 a 03 o 03 
fl O C o Q 

o a ^ w « 

^ g a &s 
o 3 g S 3 
o (H 5 a 

.. a-^’S'^ 
“plli 

P‘65 SS 

O O IH *2 IH 


S'- 

< 


* CJ ri'< 

pSf 


0 

(H 

3 


3 

4-a 

a 

*3 

Cl 

03 

U 

3 

3 

Cl 

3 

S 

0 

w 

S 

*fr4 

0 

0 

0 

0 

*3 

p 

P 

CO 

s 


• SotS 

• O f-H Ci 



a o a ^ 
** ®'3 n 
po g 5 

‘=^<^0 u 
a 

a >-1 

^ 3 . CJ 

tM ^ .3 

c3 rt *-* & 
b 2 C 
3 ;p O 
P r. > 


>0 O 


o « > 

d«l 


-. 03 

-3 gS u 

2 = 5'^ 

5 — 5 t4 
p 3 o 0 
oo=- 


0000 13 00000 0130000 IS 
lOCSOf^ COC<U 3 COCSf*«f* OOC^SoJrftO 
i-i fH fH iH p-i iH iH rS C^ jH rS tH rH <N r-l 


Sh (4 


u U b 


t4 (4 ^ t-« H l-< 
t- CJ CO t- 00 00 lO 


C 4 o o C 3 cvt O 


400© OOOOOr-i 
O CD 5 O CO 

00 O o 


8 


O i-« 10 


fcc 

3 


> 

o 


gss gggsgg ggggggg 


cTifiTo cf f-TcT cT 


cicococj c^cjiHdfHCi cJcot-<'^C‘icoco 


0000000 
— o o o 

CDOO 


0000 0500 Cl Of^ t^ 00 -*'t-r -400 

OOOCO O-^^OOO CO to CO -3» O CO 


><! 


♦MClCO-i* lOOr-COOO .-<C7C0— 'OO^ 


o 


c 

o 


3,2 

d o 

f-t 

c 

Oo 

cs*^ 

lj 

as 

as 


^ o 

O Cl 

3 o 
So 

M 03 

3 O 
^ o 

pa 

3 g 


Sa 

> M 


CQ 


o 

S q 

I:: 


a 

a 


g 

r-4 

a >» 

C cfj 

cS C3 
a 

a ^ 

3 fl 

ra .« 

O 0.i 


3 


v:>» >» 

s W C3 

ag-a 

§^13 

2^0 

o o*^ 

•M 

g C3 

tfl*® a a 

« « nS 
f>»^ o 
c3'3 0 
Ot3 o _ 
u <0 
O O c3 
3 , » 3 

j-f O ^ c3 

tfl**-‘prt ^ 

c- ag. 

“ 'S.a a 
tioS 6 - 
M 0 H.S 5 


3^ a 3-^3 2 a 

— O aa! o P O • 


i O-*^ 

•J « — 3 g' 

5 ga-Sa K o 
- -ao'^Sglc 

,.S g o’a 3 =■ ■” 


O 3 

!>.S 

03 ^ 

a 50 
O r: 
■*■* P 

2'^ 
C3 f4 
cj 
•-Cl 

a o 
o >» 

*OT S 

tn ” 

a -2 

“ C3 

3 • 

O » 
Cl 1 

w 2 


2 cSsoc w-Cg. 

®a^p*jr's^aa« 


^id *3 
,—••—* o 
00 ^ 

PP « 


t) - 

a 

a o 

^T3 

140 

S 3 

T3 S 
3 ,»• 
3^3 

SO 

« 


J3g'S5-ggP‘» 

_ K g^a JH g 0^3 O 
CJ C3 ^ a -4 

“'«S"aS|’§ 


>1^ 

5g 

5 S 

g6.i 


a 

3 


5 § 

a 

«3 • • 

o fl 

s o 

3 03 

09 


i > «£ 


«2g 

=sa 


? 2 o 
i o a 


C3 

co-o . 

3 C3 a 

4 Cl O 

y > 0 

3 Cl O 

3 »4 OQ • 

D >»_ 

3 CQ P 

^ ap 

“O « . 

^4^ 

^ 3 gto 
. o 2 3 


03 tC 

»-• .S 

b£ U 
p 3 

o 2 

S A 
c3 a 
l-<S 

o o 

> 0 

p >» 

»4 

s o 

4J4-> 

c3 


a’3 

o _ 


" o 
p.id 


2 « 

> u 

*22 


ro o 

^ o 

SS u 


- Ep 


3 

S ci 

■S" 

3 O 

QOS 

M U, ^ ^ 

o5gggHg 


5 5 w 

’• 03 P 2 Ci 

} •— g O o 
} c a Cl 03 

*3 >. os 
3S1d a 
i a p, 

4 Cl I—* 

^ 3 ei ^ a 

■°I®S 

;g'H52 

' p-a-s: a* 

, P Cl >» Cl 


c 2 

go 33 
an 

p.ti’pj: t, 

— ° i3ij 3 
2-0 

33 a & P 2 

3 M " 

W 03 C) 03 t, 

' 03 9 2 
o 22 sc - 


- - - ^ ^ 4D Cl ^ 

d -gS- 5 SgSo 5 a=.. 

3 ^ 3,2 *-> cl"S f-i ^ ^-2 §'^^2 a-G^p^XI ^i£ 

§glSES-°«&:S.«goo«“B«gag 

"' -- - oS>.aMa^ 5 E|’g,°‘S 

*? as o^s®c 3 oPS«t: 


zi 
o U 
c 

sn 


s§ 

s3 


g'Sggg'gg^ 

'Sa P^o a‘« p 

po Woo P 


• » 5 a s jj 03 
® 03 

§ £ CO ^ ‘g o “ S 
cip 3 oo^^«^/s‘^ w 

^• 2 '”»-S 5 -‘«aob 2 «g. 

Q ® coo cow^ Mcjo^ci cj r-t n L 3 

a g g “5 O S oi'l a § a 3 g |2 g'g g 2 g fl-a MS °S “ 

papj.jCopiHgp'^p.Ha Pt^ciOgQf^Oc).^ 

M^Jd2‘><J3a*Pea^ 5d'n aat^. o,-4h.. cs 

'O o c)S 3 ^ a 

O PP 


CsSscaS^i'^ondSc 

go ^aa 2 ,.'gt 43 gnP 

>> 0 •u^r^•• 4 c 3 cJ 7 \ C 3 v 4 >) 

3 


H 


.AcicsO'^^^ci^'' 

PMra <! 




^ .000 

« *000 

:ooo 

S ‘ggg 

P *iHCOr-t 

a 

o 


S ooto 

t-<M r-» 

'Ncmco 


0 0 

tn tA 0 

lA 

uo 

lA© 

Cl Cl 

C3 0 



CO •>21 

fH d 

r-4 •?» to 

c5 

rS 

CO 

diA 

03 

03 03 93 

03 

CO 

03 03 

,* >* 

>►>»>» 

>> 

t>» 

>»>. 

2 a 

a a a 

a 

a 

a a 

•Ps 

sss 

10 

s 

s 

lA 

ss 

CO 

r-i lO 0 

0 

CO 

CO tA 


sggs 

u^o^co 
CO 00*000 


CO cO’«i* 


00 

g? 


ggs 

■^cTc> 


II 

CO Cl 


O lA 
Cl r-* 
to o 


m 03 
>»>. 
C3 C3 

'OS 


o t- 

o"o 


03 93 

. 

a a M 
SOS 

cociiq 

r-t c3 


>» 

a 


COCl 

ri^cio 

Cl «H rH 


LOLO 

©t^ 


so 


it 


00 000 


W»> 


HH WM ^ 


•rr ci 


>?> 


>>a 


X 

X 


rx 


562 



ns .So 


o c3 

CO •— 


-ri 


si 

CO 
O C 
cr o 

.21^ 

tH O 

« c. 
t^ >» 

<a 




S -2 “ 1 

0 p, P 
M o O^ 

C5 

o 2 

s I Is 

g M 

m O . . cj 

P. C w 

S § “ 

M fi= s 

g ~5s 

•§ 

a iS “ a 
— * tn >i a 
" O nJ3 

S a cl a 
" SSs 
“ a 2 o 
w ^ S 
a «|.S> 

^ gp.g 
-r ® O 

« g ofe 
w ^:s 

'p 'O a c3 

3 txins 

1 Eag 

S S'O-B 

^ O B 
>. “'SB 
f-t .*m 

a m a a 

§ S-sS 

S S”*" 

PS o P^-i I 
5-S a o 

s cS “ 

o i E o »-< 

•5S3E5 

Ot2 M'S O 
*-• .^SS 5 c3 
O O 

O « 


to 

H 

O 


s 

3 


to 

« 

I 

o 

S 


P O 


— ft « 
o S 
w .3 s 

O O .— 
o t>* :p 

o o *-. 
B B 

3 c3 TO *» 

2 3 s 

C E « P 

c, t) O *H 

isi £>,a 

O^aSSg 
^ o o ft “ 

r 'C 3 O 

>-» S o IT ^ 

o 2 4^ ci 4^ O 

g'a“6”o 
g.E o “3 

a tH ^ 

O S 

|SaSS| 

|S|SS2 

3 o w 

o >> 3 

•a-ag bS~ 

. •. M O 

a “^-B’=a 

« > G S 3 •= 

P°1S| 

ial3=“ 

»3 o 3 . it 

fi s* §E a E 

a^ E a~S 

«^alp 

"Sggil 

.4-1 TO •;:: *-i c3 
Q W C3«4H 

‘ S ftO 3*^ 3 

• o O ft O 3 O 
J to 4J >» >-i ^ l-i 
.Q 3**^^^.C 

j <3<: o o 


a 

a 

O 

a 

O 

s 

3 

o 

3 

ft 


° g. 

3 


co^' A^'afl 

l-S -tS-^SgEgg-- 

fto>j.*M ^3_g35>j 
3*3D?>»OCJO*p-*^3gg 

•ti 5 a!:i HQ-R^ £> n S 


2ofto^O^-k^'2e®3 

§g£gsi-3.-«Eg.0'E 


^ ^ o 


M w •*-»'^ »-» w 

0*^,^C32§.ft*^ 

StnoOO — «4-4H^03 

■^Sgg-^lai^-S 


3 

o 

'O 

o 

o 

S 


rO 
3 
o « 


2 '3 


CJ 

TO 

, 3 
to es 
3 CJ 
3 

TO 
•M 4-> 

o;3 

S a 

TO « 
CO O 
o»a 

TO g 

*2 ^ 
3 © 


4J 

o 

to 


la 

N 3 
C3 C2 

S p. 

»-4 

£ ^ 

TOf2 
tw ^ 
O « 

4-1 .J 

•*-• cs 
cs CJ 

^;i2 

C4g 

>»a 

O O 
3^3 
^ 3 
^ o 


-S“g§^P.moeg_ 

I^^^Ell-s^-pl 

■jatoSo'—^jjOH'^'g 
> ^ ft £3 9 S'O TO m ft*;? 

li2a‘=^-SflS5-go 

«|.sS^gl8-§°i: 

3 2^coC=^«to 

i O 'U cvi Q o Q 
ft O 

ft 

CO 

o 


w X 
O ft.« 

•3 ^,G»0'*-* 3 3 ■ ■ 

eocJt>4Jo'3^ftf423 
ft^O^TOft'^Oop 

P ft 


CS 

0 

3 

ft 

TO 

>i 

'O 

'a 

3 

G 


D 5.? ^ #3 TO TO 

art g'2^ a S 

O^ »“3c0fc2” 

O /«^ _ CJ ^ 


3 C O S’S ft -- 
^ ° Ip §32 ^*s**-'^ ft 

a --g § ° “a o 

am'oa-a'gagagaP. 

S^fJ'5gEtgg£| 

a^ g-sS g«S 


p> 

'3__ 
a 

^ s 

ft 

TOX>-^ o 
^ toS 3 > 
>i >< w:2 

ft CO 44. 

O c, O CJ CJ 

•M g-p..- W 

3 +4 >» j_, O 

3 p4-> o > 
<5 <J 


ft*n , » 

SS a"" B ’^'5— - 

S aa: 5*^ a 

“•5gga'aE--ngf ^ 

^§§acoE“M3a 

ft. »-« 3 3 H — « ^44 M M 


jS se 

>.E~g 

?x 3.3 O 
2 ftrf “ 

33 £ «5 TO 

a g 3 § 

E a “g-g 

.2 »ti)5 “ 
a . a 0*3 
a o'P E 
M o5 3*3 

o Sa! a a 

.E O ftB 

a *(5^:2 1 

2 S aii a " 

g ajju „ B*i 

a a 3 Xn-i a 

a m a ^ O 2 

OH"” 2 mS 

E£? 

O S 2 a a B 

*4 trt O ^ CJ 

-Sal*'" 

r-K t_i . 


^29*350'^*-'^ 

3 ""'ft ft 3 CJ 


0 
3 

C3 
CJ 

'C 

CJ 

1 

Ex; b'rt g- 
■tJ 3 ft 

£gS^|g^§ 

*fe ^ .ft ^ CJ >i g 


'S ^ r!_ 

>2 to 
o ft p 

'a Ora o 

■ti O CJ 

c3 3 >4 

C3 G> <y 
*4 "*-* 

ft-^ 9 S 

333^ 

3_ o^ 

rtaaS 

«-a"S 

“S&p 

m gp, “ 
rt . 0*a 

C3 

S '*;? o _ 
_7; ft TO 

o ft ^ 

-§E-S2 

oSaS 

t> .3 ^ 

:2 CJ 

£'3 a.S 

si “'OS 


S a 


a ^ 

3 CO 
t>> 3 Q, 

«M C P4 

ft 

3 3 ft 
3 « S « CJ 

•— 3 § 

Q CO • -4^ 

3 M « 3 3 

o'S O-g % 

gl^ss 

§ a 2 a 

TO*^ 

^ CO >► 33; 

'’gSai 

«f4.3 4-» 

“ O g 

CJ S ift*^ 

O ^ C3 3 e? 

^ r< 44 .3 

rH , ,3 CJ c 

,2p2r ° 


l^aa 


3 S H G 

Q> CJ ^ CJ «n 


§ s 


3 

.0 

•M 

3 

.2 

ft 

S 

o 

O 

s 

o 

t4 


o 

o 

3 

C3 

44 

.2 

*TO 

CJ 

p 

to 

5 

fi 

o 

3 

O 


y, 

P 


— CJ E3 /.N ^ .iJ r4 r" tS CJ 44 ^ Vv 

S >»§ 2 a c o 9.2 ^3 ft '2 

54 p,p ft ft 3 p 3 p.-g CJ G g 

Q o ft**w 3*4^_,3 CJ.^ftoc 

og a’Sg.-B gw E S,3 
2 2ft?a3m §^tl2'§3 

g.gagftX3 ^3 

»a C 'O .-• »r3 rn : 


l-SttSai 

»3 P .S tr- 2 .2 

CJ <4 CJ 0'S P^ 

N CJ +4 3 3 ^ 

3;j3 a 3 TO53 

••r' 44 3 

O ^2 KMt» 

Is’S&Sg 

0 P-O a grg (H 

M o CJ 44 CJ Jr o 
3 3 C K.3 P>> o 
-•'03cj*^.3£ 

D ^ 


U w 

i^.3 


"■^.2 ftft o3 ^«3. 
” fe a« OJ3 a t. n'S'S 

nSu “rt t.2P‘ag'aSc 
2ii a-nSSSsSfeE^a 
S HMr. a 5 aS G 


c 2'g s 

a:SgpKCs: 
— ^ f'r-t— I ® 

a - ^ a 


<! <1 




:^97z *4 

.go a O. 

g “a S S 

.§ o O S« 

3'a cj.2^ 
*2 J4 to 3 

o ft ft 9 

^ TO CJ .0 

10 ^ ^2j g 


'9 


'ft CJ 

_ ft o 5 
3 ft-JiT^ 

*^ft 3 

i2 .2 3 d 

•+^ IT TO O ." 

T" 3 o CJ 

SE a g o 
a I "S 1 B 2 P.O a 

E=g«rtgra 

X3 ^ o K CJ 

a SSla 

“Se-aig 

S-S w S'O H 
>> EfSiS g o 
■5 2 a O ^ g 

o .3 3: TO O 3 


ft C- 

§°’5 

>■21 

a a g 

a E a 
a o a 

«’a'=- 

o 3 O 
> O N 
o 3 CJ 

^ o^ 

P^TO-t^ 
TO 'R ft 

ftft;3 

0-3 
44 TO TO 
3 P>> 

ft S ft 

3 4-> 

• -fO 

|5 a 
E _'a 

CJ .3 

>4 44 CJ 

ft 2'ft 
•Sb° 

•ft ’"^44 
c3 '3 *ft 
o ft to 
'O " 3 
3 O 


w «, 

G 3^ TO , 

O*^ ft ho 

"•ft S C-S 

^44 3 CJ 

g|.«SB 

a^ “— B 

g O a a 

A 


fQ fto 3fl CJ 

c CJ CJV4 TO " 

0 


Pft OiS 

CJ Nts 

9|S 

044 p, 

£ 3 0^3 

to 3 J ft o 
o a a > 
b42 S'o 
•B w 
Brt - a 
O a X5 b 
a, a B B 
ja art B 

o 


O UJ 
1-< 1« 
10 la 


c6 •-’ 


Ift 

& 


o 

Ci 

ca 


3 

o 


« 


CJ 

.9 

*s 

3 

*S 

P 


la 

la 

la 


TO TO 

TO 

TO 

TO 

TO 

TO 

TO 


TO TO 

TO 

TO 

TO 

TO 

3 

TO 

TO TO 

TO 

TO 

TO 

TO 

TO 

5 

TO 


TO 




>1 

>» 

>• 

>j 


P>>P>) 


>1 

>» 

>, 


P>» 

>, P>» 

P>J 

>» 

>* 

>, 

>» 

P 

>» 


>) 

d cj 

CJ 

CJ 

sJ 

es 

es 

es 

44 

e; c3 

eJ 

a 

cs 

cS 

*5 

eJ 

eS cs 

es 

eS 

eS 

CS 

CS 


cS 

u 

C3 

-3 '3 

*3 

^3 

^3 

'3 

•3 

•3 

C5 

iS 

'3*3 

'3 

« 

'O 

'3 


»« 

'3'3 

'O 

'3 

rcj 

"3 

'O 

0 

^3 


^3 

Cl 0 

t- 


ta 

C5 

la 

1H 

la 

r4 


0 

la 

Cl 

ua 

CJ 

<•4 

la 

CC 144 

CO 

CO 

10 

t- 


44 

cs 

CJ 

ca 

ta 

la 

t-4 











Cl 


44 

0 







p 





o ca 
o o 
o o 


iH CO Cl Cl W 




ft 

c5 

O f4 o 

CJ CJ o 

w -no 
— P i>“ 


C50 

1^00 


Cl Cl Cl r4 




+ 




o 

0B 

0 3 

J> CJ 

01 ft 
pft 

J2J 


O 

TO £ 

3 3 

CJ CJ 

3 
ft ft 

CJ 

O 


o 

j9. 


o 

j9. 


u.i O w>.< -H vj irt TO 

333333333 
CJCJCJCJOOCJCJO 
tJacjptJQcjacj 
o p,o ftO p,o ao 

CJ *^0 ^CJ 

0000 

^25 ;2i ;2; 


o 

Eto 
3 3 

CJ CJ 

ft 9 
ft ft 

o 

0 


C5 Cl 

la ua 

CD 

CC 

r^ 

la 

r4 

C- 

CJ 

la 

0 

CO 

-4 

C- 

Cl 

<0 

CO 

S7 

28 

r^ 

0 







V-T 



6 


ti 

1-4 

)-4 

> 

t> 

t>*—' 

t-4 

>-H 

1-4 

»-4 

X 

9 TO 

3 5 


>-4 K- 

K4 P> 

> 

t*H 

> 

X 

X 

X 

X 

-> 

>x 

h4 

1-4 

^X 

^-l 

> 

X 


X 

X 

0 CJ>«., 

ft 9 
ft ft 

CJ 

0 

X 

M 

CO CJ 

0 

la 

la 

Cl 

la 

CO 

la 

la 

la 

»a 

0 

»a 

b- 

»a 

CO CJ 
la 

0 

ca 


o 

9 TO 

CJ § 

ft 9 

ft ft 

^CJ 

o 

JZ5 


563 



564 


ARCHIVES OF INTERNAL MEDICINE 


sequently. There was clinical and roentgen evidence of extension of the 
pneumonia during therapy in 35 cases. This included extension within 
the originally involved lobe as well as spread to other parts of the lung. 
Resolution was delayed beyond three weeks in 14 cases. 

Complications . — The incidence of suppurative complications was low. 
Empyema developed in 6 cases (1 per cent), in all of which surgical 
therapy was required. There were 2 cases of abscess of the lung, both 
proved at necropsy. Suppurative arthritis of the shoulder developed in 
1 case. The joint continued to drain profusely for one month after 
surgical incision, at which time direct instillation of sulfathiazole paste 
was begun. There was a prompt reduction in the amount of discharge, 

Table 3. — Toxicity of Sulfathiasole 


Type of reaction Percentage 

Gastrointestinal reaction 

Severe nausea and vomiting 1.8 

Mild nausea and vomiting 9.G 

Cerebral reaction 

Severe (delirium or convulsions) 0.7 

Mild (headache, dizziness, drowsiness) 7.4 

Drug fever 

Definite 7.0 

Questionable 2.0 

Lesions of the shin and mucous membrane , 

Conjunctivitis 1.8 

Dermatitis (usually papular or nodular) 3.7 

Hematopoietic reaction 

Hemolytic anemia 0.2 

Pall in hemoglobin exceeding 2 Gm./lOO S.9 

Leukopenia (3,000-5,000 cells) 1.8 

Eeaction in the urinary tract 

Microscopic hematuria 0.4 

Acetylsulfathiazole calculi 0.2 

Renal insufficiency 0.9 

Reaction in the liver 

Jaundice 0.2 


and with supplementary physical therapy a good functional result was 
obtained. There were 3 cases of fibrinous pericarditis. The diagnosis 
was based on a characteristic pericardial friction rub and was confirmed 
at autopsy in 1 instance. In the other 2 cases the patients recovered 
under sulfathiazole therapy without a clinically recognizable effusion 
developing. There were 3 cases of acute bacterial endocarditis, all proved 
at necropsy. In 1 of these cases the patient had terminal pneumococcic 
meningitis. Secondary bacteremia caused by Streptococcus haemolyticus 
developed in 4 cases, in 3 of which the patients died. In 1 additional case 
a patient had an associated bacteremia caused by Staphylococcus aureus 
but recovered. 

Toxic Manifestations . — The incidence of toxic manifestations among 
the 538 cases in which treatment was with sulfathiazole for a minimum 
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of twenty-four hours is given in table 3. Nausea and vomiting suffi- 
ciently severe to interfere with administration of sulfathiazole were 
present in only 10 cases. In 1 case a patient had several epileptiform 
convulsions in association with a blood level of sulfathiazole above 15 mg. 
per hundred cubic centimeters. After the concentration of this com- 
pound in the blood fell below this figure, there were no further convul- 
sions and a complete recovery was made. There were 3 instances of 
toxic psychosis, in which sulfathiazole was considered a major con- 
tributory factor. Mild cerebral symptoms, such as headache, dizziness 
and drowsiness were recorded in 40 cases. In some instances, however, 
these symptoms probably resulted from pneumonia rather than from 
therapy. Drug fever was a fairly common complication in those cases 
in which sulfathiazole was administered for more than four days. All 
types of temperature curve were observed. Before we accepted a diag- 
nosis of drug fever, every effort was made to exclude extension and 
complications of pneumonia. Undoubted drug fever occurred in 7.6 per 
cent of the cases. Dermatitis developed in approximately one half of the 
cases of drug fever. The most common varieties were a papular derma- 
titis involving the hands and face and erythema nodosa-like lesions 
involving the extremities. Conjunctivitis was present in approximately 
one fourth of the cases of drug fever. A* drop in hemoglobin of more 
than 2 Gm. per hundred cubic centimeters occurred during the course of 
therapy in 33 cases. In only 1 of these was the drop of sufficient 
magnitude and rapidity to warrant the diagnosis of acute hemolytic 
anemia. In this case, the hemoglobin fell 4 Gm. per hundred cubic 
centimeters and the red cell count fell 1,100,000 cells per cubic millimeter 
during the course of six days. The white cell count fell below 5,000 per 
cubic millimeter during the course of therapy in 10 cases, the lowest count 
being 2,600 per cubic millimeter. Mild jaundice developed in 1 case 
during the course of therapy. Microscopic hematuria, exceeding 10 red 
cells per high power field, occurred in 9.4 per cent of the cases. The 
hematuria tended to appear when the urine was acid and the output low 
and to disappear when fluids were forced and the urine was alkalinized. 
Fatal uremia developed in 2 cases during therapy. In 1 of these (case 
61) the patient died in anuria complicating a sulfathiazole exfoliative 
dermatitis. Autopsy in the other (case 63) revealed many small acetyl- 
sulfathiazole calculi in both kidneys together with an acute glomerulo- 
tubular nephritis, which was thought to be due to the drug. In 3 
additional cases renal insufficiency of lesser degree developed. 

COMMENT 

The results of sulfathiazole therapy recorded here were distinctly 
superior to those previously obtained with sulfanilamide or with sulfa- 
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pyridine (2- [paraaminobenzenesulfonamido] -pyridine) at the same insti- 
tutions. The uncorrected fatality rates in cases of roentgenographically 
proved pneumonia in patients over 12 years of age were as follows: 
sulfanilamide (369 cases), 23.8 per cent; sulfapyridine (139 cases), 18.7 
per cent, and sulfathiazole (557 cases), 11.3 per cent. The corrected 
fatality rates, excluding deaths occurring within twenty-four hours of 
the institution of chemotherapy, were 21.1, 18 and 8.1 per cent, respec- 
tively. The fatality rates for pneumococcic bacteremia treated with each 
of the three drugs was as follows : sulfanilamide (73 cases), 48 per cent, 
sulfapyridine (32 cases), 37.5 per cent, and sulfathiazole (92 cases), 28.2 
per cent. A more detailed comparative study, including results of therapy 
with sulfadiazine (2- [paraaminobenzenesulfonamido] -pyrimidine) will 
form the subject of a future communication. 

SUMMARY 

The results of sulfathiazole therapy in 557 cases of pneumonia in 
adults are presented and analyzed from the standpoint of the type of 
causative Pneumococcus, the age of the patient, the duration of the pneu- 
monia, the extent of the consolidation, the blood culture, the initial white 
cell count, associated diseases and complications. The uncorrected fatality 
rate was 11.3 per cent. A tabular analysis of all deaths is included. The 
incidence of bacteremia was 16.3 per cent, and the fatality rate was 28.2 
per cent. Defervescence occurred within forty-eight hours of the institu- 
tion of sulfathiazole therapy in 51.7 per cent of cases. The incidence of 
suppurative complications was low. Serious toxic reactions from sulfa- 
thiazole were uncommon but were considered a major factor in death 
in 2 cases. The results of sulfathiazole therapy were superior to those 
pre\dously obtained with sulfanilamide or with sulfapyridine. 

1553 Woodward Avenue. 

Cit}" of Detroit Receiving Hospital. 



MECHANISM' OF PENTOTHAL SODIUM 
ANTIDIURESIS 

HERBERT SILVETTE, Ph.D. 

CHARLOTrESVILI.E, VA. 

Extensive studies of the effects of barbiturates on renal function are 
few. Epstein investigated the influence of certain barbiturates on diuresis 
in rabbits caused by thyroxin ^ and by sodium chloride.^ In 1930 Ogden ^ 
described the action of amytal in inhibiting water diuresis in dogs during 
anesthesia, an observation which has been confirmed in many teaching 
laboratories. W alton ^ and Gouax, Cordill and Eaton ® did not observe 
any significant effect of sodium amytal on the twenty-four hour output 
of urine, though this is rather misleading, since suppression of renal 
activity during a short period of anesthesia was compensated for by 
subsequent diuresis. It is, moreover, generally recognized that in clinical 
cases of severe sodium amytal intoxication secretion of urine is apt to be 
scanty.® In the case of pentothal sodium, it has been reported that when 

From the Pharmacological Laboratory of the University of Virginia. 

This investigation has been made with the assistance of a grant from the 
Committee on Therapeutic Research, Council on Pharmacy and Chemistry, Amer- 
ican Medical Association. 
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the drug was used as an anesthetic in urologic practice, no change in 
urinary secretion or in the concentration of blood urea occurred.'^ 

In this paper the influence of the ultra-short-acting thiobarbiturate 
pentothal sodium ® on renal activity has been investigated under a variety 
of experimental conditions in an attempt to elucidate the mechanism of 
barbiturate antidiuresis. The experiments described here have been 
grouped as follows : 

1. Effect of pentothal sodium on urine output 

2. Antagonism of the demonstrated antidiuretic effect of pentothal 
sodium by various diuretics 

3. Effect of corticosterone acetate and adrenal cortex extract on 
pentothal sodium antidiuresis 

4. Effect of epinephrine on pentothal sodium antidiuresis 

5. Effect of solution of posterior pituitary on pentothal sodium 
antidiuresis 

6. Effect of hypophysectomy on pentothal sodium antidiuresis 

MATERIAL AND METHOD 

A'lale white rats weighing between 160 and 240 Cm. each were employed. All 
animals fasted for twelve hours before the start of a metabolic period, although 
they were allowed free access to water during this time. At the end of the 
preliminary twelve hour fasting period the animals were weighed, given 10 per 
cent of their body weight of 0.2 per cent sodium chloride solution (warmed to 
body temperature) by intraperitoneal injection and placed in individual metabolism 
cages. Urine was collected in 25 cc. graduated cylinders, and the volume recorded 
at thirty minute intervals during a metabolic period of twelve hours. To insure 
that no residual urine remained in the bladder, after each interval the bladder was 
palpated; if urine was present, the fluid was expressed by gentle pressure. In 
unanesthetized animals this procedure was rarely necessary, but in anesthetized 
animals with muscular atony it was invariably carefully performed. 

All animals to which pentothal sodium was administered were given the calcu- 
lated dose by intraperitoneal injection at the end of the second hour after fluid 
was administered. The anesthetic dose for pentothal sodium in these animals, 
when given by intraperitoneal injection following administration of sodium chloride 
solution, was found to be 6 mg. per hundred grams of body weight (0.25 cc. of a 
2.4 per cent solution). Recovery from this dose was practically complete within 
six hours, and in several hundred experiments no fatalities resulted. Pratt and 
associates ^ have given the anesthetic dose of sodium pentothal by intraperitoneal 

7. Tovell, R. AI., and Thompson, G. J. : Pentothal-Sodium Anesthesia in 
Urologic Practice, J. Urol. 36:81-87 (July) 1936. 

8. The pentothal sodium was furnished by Dr. J. F. Biehn, of the Abbott 
Laboratories. 

9. Pratt, T. W. ; Tatum, A. L. ; Hathaway, H. R., and Waters, R. M. : Sodium 
Ethyl (1-AIethyl Butyl) Thiobarbiturate: Preliminary Experimental and Clinical 
Study, Am. J. Surg. 31:464-466 (Alarch) 1936. 
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injection as 80 mg. per kilogram of body weight; recovery from this dose took 
place in six to twelve hours. 

Other drugs were employed under special conditions, which will be individually 
described. These drugs were so administered that they exerted their optimal char- 
acteristic action coincident with the antidiuresis produced by the injection of 
pentothal sodium. 

RESULTS 

Control Dmretic Curve . — A control diuretic response was established 
by administering standard water loads to a large series of rats under 
the controlled conditions just outlined (table \A). The diuretic 


Table 1. — Effect of Various Doses of Pentothal Sodium on the Urine Output of 
Rats After Injection of Two-Tenths per Cent Solution 
of Sodium Chloride * 


No. of 


Cumulative Urine Output in Cc./lOO Gm. of Body Weight at 
End of Given Periods 


Series 

in 

Series 

' 2.0 

Hr. 

2.5 

Hr. 

3.0 

Hr. 

3.5 

Hr. 

4.0 4.5 

Hr. Hr. 

5.5 

Hr. 

6.5 

Hr. 

7.5 

Hr. 

8.5 

Hr. 

9.5 

Hr. 

10.5 

Hr. 

11.5 

Hr. 

12 . 0 ' 

Hr. 

A (no pentothal 















sodium) (con- 















trol series) 

24 

2.4 

3.5 

4.9 

a.5 

6.0 6.3 

7.0 

7.5 

7.8 

8.3 

8.6 

8.9 

9.3 

9.5 

B (2 mg. of pen- 
tothal sodium 





• 










/lOO Gm. of 
body weight) 

12 

1.4 

l.S 

3.3 

4.7 

5.6 8.3 

6.5 

7.0 

7.5 

7.9 

8.2 

8.5 

8.9 

9.0 

0 (4 mg. of pen- 















tothal sodium 
/lOO Gm. of 















body weight) 

12 

1.9 

1.9 

2.4 

4.8 

5.5 6.1 

6.7 

7.1 

7.C 

8.0 

8.3 

8.5 

8.8 

9.0 

D (6 mg. of pen- 















tothal sodium 
/lOO Gm. of 
body weight) 

29 

2.1 

2.3 

2.8 

3.2 

3.6 4.0 

4.6 

5.2 

6.1 

6.5 

7.2 

7.7 

8.0 

8.3 


* At the beginning of the experiment 10 cc. of saline solution per hundred grams of body 
weight was injected. When pentothal sodium was used, it was injected at the end of two 
hours in all experiments. 


response to injected fluid under these conditions followed the expected 
curve (fig. 1), which was easily reproducible in different animals at 
various times. 

Average figures only are given in all tables, beginning with the urine 
output at the end of two hours. Half hourly readings are recorded until 
the four and a, half hour reading, since these constitute the most signifi- 
cant portion of the curve of diuresis ; thereafter, only hourly figures are 
given in the tables. The graphs represent the best smooth curves which 
could be drawn through the experimentally determined points. 

Effect of the Injection of Pentothal Sodium on Urine Output . — Two 
hours after intraperitoneal injection of sodium chloride solution into 
several series of rats various doses of pentothal sodium were admin- 
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istered. When the dose was 2 mg. per hundred grams of body weight 
the animals became drowsy and disinclined to spontaneous movement, but 
no anesthesia occurred, and save for a slight diminution in urine flow 
immediately following the injection, no difference in the diuretic response 
as compared to that of the control animals was observed (table IB). 
When the dose of pentothal sodium was increased to 4 mg. per hundred 
grams, the degree of hypnosis was more profound and approached light 



Fig. 1. — Effect of injected pentothal sodium on the urine output of white rats. 

anesthesia in about half the animals. The temporary diminution in urind 
output immediately following injection was somewhat more marked than 
in the previous series (table 1 C ; fig. 1). 

When the dose was increased to 6 mg. per hundred grams, however, 
deep anesthesia superv^ened and lasted for approximately four hours. 
During this time urine output was markedl)'' decreased, but as the animals 
recovered consciousness and voluntary movement, the rate of urine flow 
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once more approached the normal, although the total volume of urine 
excreted during the twelve hour metabolic period still remained below 
the control level (table 1 ; fig. 1). It should.be emphasized here that 

only fully anesthetic doses of pentothal sodium produced any lasting or 
significant reduction in the rate and the volume of urine output of rats. 

Influence of Sodium Chloride Solution and Urea on Pentothal Sodium 
Antidiuresis. — Two series of animals were given preliminary priming 
doses of 10 cc. of 0.9 per cent sodium chloride solution per hundred 
grams of body weight sixteen hours and eight hours before the start of a 
metabolic period. At the start of the experiment another dose of 0.9 per 
cent sodium chloride solution was injected in place of the standard dose 
of 0.2 per cent solution, and the animals were then placed in metabolism 
cages. Into one of the series of animals pentothal sodium (6 mg. per 


Table 2. — Effect of Pentothal Sodhtm on the Urine Output of Rats After Injection 
of Nine-Tenths per Cent Sodium Chloride Solution* 



No. of 
Rats 
in 

Series 


Cumuiative Urino Output in Cc./lOO Gm. 

End of Given Periods 

of Body Weight at 


Series 

T.O 

Hr. 

2.5 

Hr. 

3.0 

Hr. 

3.5 

Hr. 

4.0 

Hr. 

4.5 

Hr. 

5.5 

Hr. 

6.5 

Hr. 

7.5 

Hr. 

8.5 

Hr. 

9.5 

Hr. 

10.5 

Hr. 

11.6 

Hr. 

12.0 

Hr. 

A (no pentothal 
















sodium) (con- 
trol series) 

G 

1.8 

2.2 

3.1 

4.2 

4.7 

5.6 

7.3 

8.2 

8.5 

8.8 

9.5 

9.6 

9.7 

9.7 

B (G mg. of pen- 
















tothal sodium 
/lOO Gm. of 
body weight) 

G 

2.3 

2.3 

2.3 

2.3 

2.6 

2.6 

3.5 

4.8 

5.5 

6.9 

7.2 

7.7 

8.1 

8.6 


* Ten cubic centimeters of saline solution’per hundred grams of body veeight was injected 
intraperltoneally sixteen hours and eight hours before and at the beginning of an experiment. 


hundred grams) was injected at the end of the second hour. The diuretic 
response of normal animals to 0.9 per cent sodium chloride solution 
under these conditions was marked (tabje 2 A), but this diuresis was 
promptly and severely inhibited by the injection of pentothal sodium 
(table 2 5 ; fig. 2). It is therefore apparent that large amounts either of 
water (i. e. hypotonic solution, table ID) or of sodium chloride (table 
2B) acting as diuretics were unable to antagonize the antidiuresis due 
to pentothal sodium. 

A number of experiments were also performed with 1 per cent urea 
in 0.2 per cent sodium chloride solution used in place of 0.9 per cent- 
sodium chloride solution, with essentially similar (negative)' results. 

Influence of Theophylline with Sodium Acetate and with Calcium 
Salicylate on Pentothal Sodium Antidiuresis. — Two series of animals 
were primed with preliminary doses of theophylline with sodium acetate 
as follows: Twenty-four hours. before the start of the experiment each 
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animal received an intraperitoneal injection of 2 mg. of the drug in solu- 
tion per hundred grams of bod}^ -weight. Eight hours and sixteen hours 
later each animal was given an additional dose of 1 mg. of the drug. 
On the morning of the metabolism experiment the animals then received 
intraperitoneal injections of 0.2 per cent sodium chloride solution con- 
taining 1 mg. of theophylline with sodium acetate per hundred grams and 
were placed in the cages as usual. Two hours later one series was given 
pentothal sodium (6 mg. per hundred grams). 



Fig. 2. — Effect of injected pentothal sodium on the urine output of white rats 
after the administration of 0.9 per cent sodium chloride solution. 

The diuretic response of control animals to theophylline with sodium 
acetate was well marked (table 3 A), but this diuretic was nevertheless 
unable to counteract the pentothal sodium antidiuresis (table 3 B). As 
the anesthetic effect of the barbiturate wore off, however, the diuretic 
effect of theophylline with sodium acetate became evident; this is well 
shown by the sudden increase in urine output, corresponding to the 
emergence of the animals from deep anesthesia (fig. 3). 




Table 3.— Effect of Pentothal Sodium on the Urim Output of Rats After Injection 
of Theophylline with Sodium Acetate * 


Cumulative Urine Output in Cc./lOO Gm. of Body Weight at 
No. of End of Given Periods 

^ — 



Bats 

in 

*2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

A 

5.6 

6.5 

7.6 

8.5 

9.5 

10.5 

11.5 

12.0 

Series 

Series 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

A (no pentothal 
















sodium) (con- 
trol series) 

12 

4.7 

6.1 

6.6 

6.5 

6.7 

7.0 

7.4 

7.9 

8.1 

8.3 

8.6 

8.7 

8.8 

8.8 

B (6 mg. of pen- 
















tothal sodium 
















/lOO Gm. of 
body weight) 

12 

3.3 

3.3 

3.5 

3.9 

4.2 

4.7 

4.9 

5.1 

5.4 

6.2 

6.3 

6.8 

7.0 

7.1 


* Ten cubic centimeters of 0.2 per cent sodium chloride solution per hundred grams of 
body weight was injected intraperitoneally at the beginning of the experiment. Por the 
doses of theophylline with sodium acetate, see the text. 



Fig. 3. — Effect of injected pentothal sodium on the urine output of white rats 
treated with theophylline with sodium acetate. 


A number of similar experiments were also performed using theo- 
phylline with calcium salicylate (phyllicin) in various doses, but antago- 
nism to pentothal sodium antidiuresis could not be demonstrated. 

^ Infltience of Mercurial Diuretics on Pentothal Sodium Antidiuresis.— 
Eight hours before the start of the experiment two series of animals were 
given a priming dose of 0.75 mg. of mercupurin per hundred grams of 
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Table 4. — Effect of Peutofhal Sodium on the Urine Output of Rats 
After Infection of Mercupurin * 


Cumulative Urine Output in Cc./iOO Gm. of Body Weight at 
No. of End of Given Periods 

Bats , • — 


Series 

in 

Scries 

2.0 

Hr. 

2.5 

Hr. 

3.0 

Hr. 

3.5 

Hr. 

4.0 

Hr. 

4.5 

Hr. 

5.5 

Hr. 

6.5 

Hr. 

7.5 

Hr. 

85 

Hr. 

9.5 

Hr. 

10.5 

Hr. 

11.5 

Hr. 

12.0 

Hr. 

A (no pentothal 
sodium) (con- 
trol series) 

17 

2.5 

4.4 

5.7 

5.9 

C.2 

G.3 

6.9 

7.4 

7.7 

8.0 

8.3 

8.4 

8.5 

8.7 

B (0 mg. of pen- 
tothal sodium 
/lOO Gm. of 
body weight) 

14 

3.4 

3.7 

4.4 

5.0 

5.6 

5.8 

6.5 

7.1 

7.4 

7.6 

7.9 

8.2 

8.4 

8.6 


* Ten cubic centimeters of 0.2 per cent sodium chloride solution per hundred grams of 
body weight was given intraperitoneally at the beginning of the experiment. Eor the 
doses of mercupurin, see the text. 



Fig. 4. — Effect of injected pentothal sodium on the urine output of white rats 
treated with mercupurin. 

body weight. At the start of the experiment itself each animal was given 
a further dose of 0.75 mg. dissolved in the standard 10 cc. of 0.2 per cent 
sodium chloride solution. One series was given 6 mg. pentothal sodium 
per hundred grams two hours later. 

Copious diuresis was induced in control animals by administration 
of mercupurin (table 4 A). In contrast to the completely negative effect 
of water, sodium chloride, urea and theophylline with sodium acetate 
and with calcium salicylate, how'ever, mercupurin was at least partially 
effective in overcoming pentothal sodium antidiuresis (table 4 B). Thus, 
immediately after the injection of the barbiturate the usual temporary 
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inhibition of urine flow was observed, but this lasted only a short time, 
the urine flow rising within ninety minutes almost to the normal rate 
and level. 

Comparable experiments were attempted using salyrgan, but the 
severe pain which the animals seemed to experience on injection of the 
drug forced their abandonment. 

Influence of Desoxycorticosterone Acetate and Adrenal Cortex 
Extract on Penfothal Sodinni Antidinresis. — ^The action of a mercurial 
diuretic having its site of action on the renal tubular epithelium in over- 
coming in part pentothal sodium antidiuresis suggested the use of another 
agent having the same site of action, the adrenal cortex extract.^’- The 

Table 5. — Effect of Pentothal Sodium on the Urine Output of Rats 
After Infection of Desoxycorticosterone Acetate * 


Cumulative Urine Output in Cc./lOO Gm. of Body Weight at 
No. of End of Given Periods 

Rats /- — 



in 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.5 

6.5 

7.5 

8.5 

9.5 

10.5 

11.5 

12.0 

Series 

Series 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

A (no pentothal 
sodium) (con- 
trol series) 

10 

2.5 

3.6 


5.3 


5.9 

6.6 

7.0 

7.4 

7.9 

8.3 

8.5 


8.8 

B (G mg. of pen- 
tothal sodium 
/lOO Gm. of 
body weight) 

10 

2.7 

3.2 


3.C 


3.7 

4.0 

4.8 

5.9 

6.7 

7.1 

7.5 


8.3 


* Ten cubic centimeters of 0.2 per cent sodium chloride solution per hundred grams of 
body weight was injected intraperitoneally at the beginning of the experiment. All animals 
were given 3 mg. of desoxycorticosterone acetate in oil per hundred grams of body weight 
subcutaneously four hours before the start of the experiment. 


effects of desoxycorticosterone acetate and of adrenal cortex extract on • 
pentothal sodium oliguria were therefore determined. 

Four hours before the start of an experiment a number of animals 
were given subcutaneous injections of 3 mg. of desoxycorticosterone 
acetate in oil per hundred grams of body weight. Hypotonic solution 
of sodium chloride was then administered in the usual fashion, and at the 

10. (a) Blumgart, H. L., and others; Action of Diuretic Drugs: Action of 
Diuretics in Normal Persons, Arch. Int. Med. 54:40-81 (July) 1934. (6) Walker 
A. M.; Schmidt, C. F.; Elsom, K. A., and Johnston, C. G.: Renal Blood Flow 
of Unanesthetized Rabbits and Dogs in Diuresis and Antidiuresis, Am J Physiol 
118:95-110 (Jan.) 1937. 

11. Silvette, H., and Britton, S. W. : Renal Function’ in the Opossum and the 
Mechanism of Cortico-Adrenal and Post-Pituitary Action, Am J Physiol 123- 
630-639 (Sept.) 1938. 

12. This compound was furnished by Dr. Ernst Oppenheimer, of Ciba Pharma- 
ceutical Products, Inc. 
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end of two hours pentothal sodium (6 mg. per hundred grams) was 
injected into half the animals. Desoxycorticosterone acetate alone was 
without influence on the normal diuretic response of rats to 0.2 per cent 
sodium chloride solution (table 5 A) and also without effect on the course 
of pentothal sodium antidiuresis (table 5 B). 

A supply of adrenal cortex extract made by a modified Swingle- 
Pfiffner method was furnished by Dr. S. W. Britton, but when tested 
in the manner just described it was also found to be without effect 
either on control rats or on animals given pentothal sodium. It had 
previously been observed that adrenal cortex extract showed no diuretic 
effect when the rate of urine formation was already high.^’- 

Influence of Epinephrine Base in Oil on Pentothal Sodium Anti- 
diuresis. — Two series of animals were given intraperitoneal injections 

Table 6. — Effect of Pentothal Sodium on the Urine Output of Rats 
After Injection of Epinephrine Base in Oil* 


Cumulative Urine Output in Cc./lOO Gm. of Body Weight at 
No. of End of Given Periods 

Rats / — — " 



in 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

6.6 

6.5 

7.5 

8.6 

9.5 

10.5 

11.5 

12.0 

Series 

Series 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

A (no pentothal 
sodium) (con- 
trol series) 

10 

3.1 

4.1 

4.8 

5.1 

5.4 

5.5 

5.7 

6.0 

6.4 

0.7 

0.8 

0.8 

0.9 

6.9 

B (6 mg. of pen- 
tothal sodium 
/too Gm. of 
body weight) 

10 

3.5 

3.8 

4.7 

5.1 

5.2 

6.5 

5.7 

5.8 

0.1 

0.3 

6.4 

6.4 

6.8 

7.0 


* Ten cubic centimeters of 0.2 per cent sodium chloride solution per hundred grams of 
body weight was injected intraperitoneally at the beginning of the experiment. For the 
dose of epinephrine base in oil, see the text. 


of 0.2 per cent sodium chloride solution in the usual way and also 
simultaneous subcutaneous injections of epinephrine base in oil (0.5 mg. 
per hundred grams). Two hours later one series was given injections 
of pentothal sodium (6 mg. per hundred grains). 

The administration of epinephrine to control animals resulted in a 
considerable increase in diuretic response during the early part of the 
metabolic period, which, however, was not sustained throughout the 
entire twelve hour period (table 6 A). The diuretic response of 
the animals given pentothal sodium was nevertheless identical with that 
of the controls (table 6 B ; fig. 5), thus indicating antagonism of pentothal 
sodium antidiuresis by epinephrine. 

13. Ehrenstein, M., and Britton, S. W. : The Purification of Adrenal Extracts 
and Isolation of an Activator of Male Sex Hormones, Am. J. Physiol. 120:213- 
221 (Oct.) 1937. 
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Influence of Sohition of Posterior Pituitary on Pentothal Sodium 
Antidiuresis. — The effect of this substance on the course of pentothal 
sodium antidiuresis was determined in a number of experiments. Two 
series of animals were given intraperitoneal injections of 1.5 units of 
posterior pituitary extract (0.15 cc. of solution of posterior pituitary 
U. S. P.) per hundred grams of body weight thirty minutes before the 
routine injection of 0.2 per cent sodium chloride solution. The anti- 
diuretic effect of the posterior pituitary solution was apparent by the end 
of the second hour, at which time one of the series of animals received 
an injection of pentothal sodium (6 mg. per hundred grams). Simple 



Fig. 5. — Effect of injected pentothal sodium on the urine output of white rats 
treated with epinephrine base in oil. 

pituitary antidiuresis in the control animals lasted about eight hours, 
after which escape from pituitary inhibition occurred and a rapid rate 
of urine formation followed (table 7 A). Injection of pentothal sodium 
had an additive antidiuretic effect; inhibition of urine formation in 
animals receiving both posterior pituitary extract and pentothal sodium 
was greater and more prolonged than in those animals receiving posterior 
pituitary solution alone (table 7 B ; fig. 6). 

In two other series of animals the same dose of posterior pituitary 
solution was injected thirty minutes after the injection of pentothal 
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sodium rather than two and a half hours before, as in the previous 
experiments. But whereas subsequent injection of the latter drug merely 
reenforced the original pituitary antidiuresis, when pentothal sodium 
oliguria was induced first the subsequent injection of posterior pituitary 
solution had no antidiuretic effect (table 7 D) or even a slightly diuretic 
one compared with the control series (table 7 C; fig. 7). These results 
are in agreement with the well known observation that the injection of 
posterior pituitary solution into anesthetized animals is followed by 
diuresis rather than by inhibition of urine secretion.^'* 

Table 7. — Effect of Pentothal Sodium on Antidiuresis Caused by 
Solution of Posterior Pituitary * 


Cumulative Urine Output in Cc,/100 Gm. of Body Weight at 
No. of End of Given Periods 

Rats * 


Series 

in 

Series 

2.0 

Hr. 

2.5 

Hr. 

3.0 

Hr. 

3.5 4.0 

Hr. Hr. 

4.5 5.5 

Hr. Hr. 

6.5 

Hr. 

7.5 

Hr. 

8.5 

Hr. 

9.5 

Hr. 

10.5 

Hr. 

11.5 

Hr. 

12.0 

Hr. 

I. Solution 

of Posterior Pituitary Injected 30 

Minutes Before 




A (no pentothal 



Start of Experiment ( — 0.5 Hr.) 







sodium) (con- 
trol series) 

6 

0.8 

1.1 

1.3 

1.4 1.5 

1.7 1.7 

1.8 

2.0 

2.3 

2.7 

3.3 

4.2 

4.3 

B (0 mg. of pen- 














tothal sodium 
/lOO Gm. of 
body weiglit) 

6 

0.7 

0.8 

0.8 

0.8 0.8 

0.9 0.9 

1.0 

1.1 

1.1 

1.2 

1.4 

1.5 

l.S 


II. Solution of Posterior Pituitary Injected SO Minutes 

after 




O (no pentothal 



Injection of Pentothal Sodium (2.5 Hr.) 






sodium) (con- 
trol series) 

18 

1.7 

2.2 

2.7 

3.2 3.5 

3.9 3.9 

4.4 

4.4 

4.5 

4.6 

4.7 

4.9 

5.0 

D (C mg. of pen- 














tothal sodium 
/lOO Gm. of 
body weight) 

18 

1.7 

1.8 

2.3 

3.2 3.9 

4.2 4.7 

4.9 

5.1 

5.2 

5.3. 

5.3 

5.4 

5.5 


* All animals received 10 cc. of 0.2 per cent sodium chloride solution per hundred grams 
of body ireight at the beginning of the experiment. For details of treatment with solution 
of posterior pituitary, see the text. 


Influence of Hypophysecfoniy on Pentothal Sodium Antidiuresis . — 
A number of male rats were completely hypophysectomized by Dr. E. L. 
Corey and were maintained after the operation for three to four weeks 
until the initial polyuria was succeeded by an essentially normal water 
intake and urine output.^® At this time extensive atroplty of the gonads 

14. Richards, A. N., and Plant, O. H. : Action of Minute Doses of Adrenalin 
and Pituitrin on Kidney, Am. J. Physiol. 59:191-202 (Feb.) 1922. Nelson, E. E. : 
Diuretic Effect of Posterior Pituitary Extract in Anesthetized Animals, J. Phar- 
macol. & Exper. Therap. 52:184-195 (Oct.) 1934. 

15. Corey, E. L., and Britton, S. W.: Course of Diabetes Insipidus Followmg 
Hypoph 3 'sectomy in the Rat, Proc. Soc. Exper. Biol. & Med. 46:678-679 (April) 
1941. 
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was evident, indicating complete removal of the pituitary. Such hypoph- 
ysectomized animals were found to be extremely sensitive to pentothal 
sodium. Doses of 6 mg. per hundred grams, which were merely anes- 
thetic in normal rats, were invariably fatal to hypophysectomized animals. 



Fig. 6. — Effect of injected pentothal sodium on urine output of white rats after 
the administration of solution of posterior pituitary. 



Fig. 7. Effect of an injection of pentothal sodium followed by administration of 
solution of posterior pituitary on the urine output of white rats. 

A dose of 4 mg. of pentothal sodium per hundred grams was found to be 
well sustained and fully anesthetic and was therefore employed in place 
of the standard dose of 6 mg. used in animals which had not been 
operated on. 




Table 8. — Effect of Pcntothal Sodium on the JJnne Output of Hypophysectoimaed 
Rats After Injection of Two-Tenths per Cent Sodhmn Chloride Solution* 


Cumulative Urine Output in Cc./lOO Cm. of Body Weight at 
No. of Knd of Given Periods 

Bats , — — 



in 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

6.5 

0.5 

7,5 

8.5 

9.6 

10.5 

11.6 

12.0 

Series 

Series 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

Hr. 

A (no pentothal 
sodium) (con- 
trol series) 

6 

1.1 

1.2 

1.4 

1.7 

1.8 

2.3 

2.5 

3.1 

3.6 

3.8 

4.2 

4.6 

4.7 

6.1 

B (4 mg. of pen- 
tothal sodium 
/lOO Gm. of 
body weight) 

6 

0.7 

0.9 

1.0 

1.1 

1.4 

1.6 

1.7 

2.0 

2.2 

2.5 

2.6 

2.7 

2.7 

2.7 


*■ Ten cubic centimeters of saline solution per hundred grams of body' weight was 
injected at the beginning of the experiment. 



Fig. 8. — Effect of injected pentothal sodium on the urine output of long- 
surv'iving hypophysectomized white rats given 0.2 per cent sodium chloride solution. 

A series of 6 long-surviving, completely hypophysectomized rats in 
good condition was given intraperitoneal injections of 10 cc. of 0.2 per 
cent sodium chloride solution per hundred grams, and a control diuretic 
response was established (table 8 A). Three days later the same animals 
were again tested, this time with an additional injection of 4 mg. of 
pentothal sodium two hours after the initial injection of fluid. Pentothal 
sodium antidiuresis was found to be as marked in these hypophysec- 
tomized rats as in normal animals which had not been operated on 
(table 8 B ; fig. 8) . 

Many other hypoph)’’sectomized rats were tested individually for 
diuretic response, some with and some without subsequent injection of 
pentothal sodium. In all cases the animals receiving injections of the 
drug showed a definite inhibition of secretion of urine. 
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COMMENT 

It may be assumed for purposes of discussion that the principal 
influences leading to antidiuresis are the antidiuretic hormone of the 
posterior lobe of the hypophysis, renal tubular reabsorption of water and 
lowered blood pressure in the glomerulus, either primary or secondary 
as a reflection of general h 3 ^potension. 

The mechanism by which barbiturates inhibit the secretion of urine 
has been described in a recent text book as “probably a central one on 
the hypophyseal-pituitary [sic] system.” De Bodo and Bloch in a 
preliminary report cited evidence which inferentially supports this view.^'^ 
In their experiments phenobarbital in small nonanesthetic doses decreased 
the excretion of water approximately 50 per cent in normal dogs, but in 
dogs with diabetes insipidus (produced b}^ the destruction of the entire 
neurohypophysis) this same dose had no effect on excretion of water. If 
animals so treated indeed do not show barbiturate antidiuresis, the con- 
clusion is implicit that barbiturates, while depressing all other nervous 
centers, stimulate the hypoph 5 fsis (or the hypothalamicohypophyseal 
system) to secrete its antidiuretic hormone which by increasing renal 
tubular reabsorption of water results in decreased urine output. Any 
such selective stimulation seems highly improbable, especially since the 
hypothalamus appears to be one of the regions of greatest susceptibility 
to barbiturate depression,^® and there is no evidence of it from the results 
of my experiments on hypophysectomized rats. In these long-surviving, 
completely hypophysectomized animals, which had passed the polyuric 
stage, the injection of pentothal sodium had the same antidiuretic effect 
as in normal animals. This indicates that the hypothalamicohypophyseal 
system is not involved in the production of pentothal sodium oliguria 
in rats. 

On the other hand, the site of pentothal sodium antidiuresis does not 
seem to be the renal tubular epithelium either, since this urinary inhibition 
is not antagonized by diuretics (by theophylline with sodium acetate or 
with calcium salicylate or by mercupurin) or by adrenal cortex extract 
which acts to inhibit renal reabsorption of water by the renal tubules. 
(The conclusions of Walker and associates are accepted, that xanthine 
diuresis is not accompanied by significant changes in renal blood flow or 
glomerular filtration but results from decreased tubular reabsorption of 

16. Goodman, L., and Gilman, A.: Pharmacological Basis of Therapeutics, 
New York, The Macmillan Company, 1941, p. 134. 

17. De Bodo, R. C., and Bloch, H. I. ; The Effect of Narcotics on Diuresis, 
J. Pharmacol. & Exper. Therap. 72:4-5 (May) 1941. 

18. Marshall, E. K., Jr. ; Walzyl, E. M., and LeMessurier, D. H. : Picrotoxin 
as a Respiratory Stimulant, J. Pharmacol. & Exper. Therap. 60:472-486 (Aue 1 

in‘3'7 ^ 
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fluid.) Mercurial diuretics/® theophylline with sodium acetate and with 
calcium salic3date®“ and desoxycorticosterone acetate®’- all antagonize 
pituitary antidiuresis, the site of which is agreed to be the tubular 
epithelium.®® The fact that these agents do not also antagonize pentothal 
sodium antidiuresis renders it highly likely that the origin of this urinary 
inhibition does not lie in the renal tubules. 

Diuretics which exert their effects by the osmotic retention of water 
within the renal unit (as sodium chloride and urea) are ineffective in 
overcoming pentothal sodium antidiuresis. 

By the process of exclusion both of posterior pituitary and of renal 
factors in the production of pentothal sodium antidiuresis, the effect of 
injection of pentothal sodium in producing oliguria must therefore be due 
to alteration in glomerular blood pressure, either primarily or secondarily 
induced. Experiments on the effect of epinephrine in antagonizing this 
antidiuresis offer confirmation of this conclusion. 

It is well understood that barbiturates, like other anesthetics, may 
affect urine secretion indirectly through the circulation. The hypotension 
which characterizes an overdose of a barbiturate results in oliguria or 
even anuria.®® Rapid intravenous injection of pentothal sodium results 
in a sudden fall in blood pressure, which, however, soon returns to 
normal.®^ When the drug is intraperitoneally injected, as in these 
experiments, a fall in blood pressure occurs during the antidiuretic 
phase.®® This lowered blood pressure apparently results from vasodilata- 
tion due to the depressant effect of barbiturates on smooth muscle.®® 
Particularly in the case of pentothal sodium this leads to congestion, stasis 
and hemorrhage in the kidneys,®' which would result in oliguria even 

19. Raab, W. : Effect of Pituitrin on Water Metabolism, Water Content of 
Blood and on Diuresis, Wien. Arch. f. inn. Med. 17:471-512 (June) 1929. 

20. Goodman and Gilman, p. 649. 

21. Corey, E. L., and Britton, S. W. : The Antagonistic Action of Desoxycorti- 
costerone and Post-Pituitary Extract on Chloride and Water Balance, Am. J. 
Physiol. 133:511-519 (July) 1941. 

22. Silvette, H. : The Influence of Post-Pituitary Extract on the Excretion of 
Water and Chlorides by the Renal Tubules, Am. J. Physiol. 128:747-753 (March) 
1940. 

23. Goodman and Gilman, p. 134. 

24. Gruber, C. M. : Effect of Anesthetic Doses of Sodium Thio-Pentobarbital, 
Sodium Thio-Etham 3 d and Pentothal Sodium upon Respiratory, Heart, and Blood 
Pressure Changes in Experimental Animals, J. Pharmacol. & Exper. Therap. GO: 
143-173 (June) 1937. 

25. Corej", E. L., and Silvette, H. : Unpublished data. 

26. Gruber, C. M., and Gruber, C. M., Jr. : Segments of Excised Small Intestine 
as Affected bj- the Sodium Salts of Thioamjd, Thiopentobarbital, Pentobarbital and 
Evipal, J. Pharmacol. & Exper. Therap. 66:16-17 (May) 1939. 

27. Gruhzit, O. Af.; Do.x, A. W.; Rowe, L. W., and Dodd, Af. C: Pharma- 
cologic Stud 3 ' of Certain Thiobarbiturates, J. Pharmacol. & Exper. Therap. 60. 
125-142 (June) 1937. 
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without the appearance of generalized hypotension. That the oliguria 
ill the experimental animals was caused by local renal, or later by more 
generalized, hypotension is suggested by the fact that the urine flow 
could be maintained at control levels in these animals only by the injec- 
tion of epinephrine in suitable concentration. In minute amounts 
epinephrine may cause- constriction of the efferent renal arterioles before 
systemic vasoconstriction is evident,^® thus leading to increased effective 
filtration pressure within the capillary tufts, even though no increase in 
systemic blood pressure occurs. This would seem to be the mechanism 
by which pentothal sodium antidiuresis was immediately overcome, fol- 
lowed by more generalized vasoconstriction as the concentration of 
injected epinephrine increased. 

In connection with the antagonistic effect of epinephrine in over- 
coming pentothal antidiuresis, it is interesting to note that Gruber and 
associates found that only epinephrine restored the normal rhythm 
in animals’ hearts rendered arrhythmic by pentothal sodium. Experi- 
ments are now under way designed to correlate the course of pentothal 
sodium antidiuresis with the presence of pentothal sodium cardiac 
arrhythmia. 

The results of the experiments herein described lead to the conclu- 
sion that pentothal sodium antidiuresis results from hypotension, either 
renal or general, brought about by the thiobarbiturate. Furthermore, the 
results also indicate that pentothal sodium does not exert any direct 
action either on the renal unit or on the hypothalamicohypophyseal 
system in producing antidiuresis in rats. 


SUMMARY 


The injection of anesthetic doses of pentothal sodium (6 mg. per 
hundred grams body weight) into diuretic rats resulted in oliguria during 
the duration of the anesthesia. Subanesthetic doses (2-4 mg.) had no 
significant effect on urine output, save for temporary slight antidiuresis 
immediately following injection. 

The course of pentothal sodium antidiuresis was not affected by the 
administration of diuretics (water, sodium chloride, urea or theophylline 
with sodium acetate or with calcium salicylate) or desoxycorticosterone 
acetate. Mercupurin counteracted in part the pentothal sodium oliguria. 


28. Hoskins, R. G., and Gunning, R. E. L. ; Volume Changes and Venous 
Discharge in the Kidney, Am. J. Physiol. 43:304-310 (May) 1917. 

29. Gruber, C. M.; Haury, V. G., and Gruber, C. M., Jr.: Cardiac Arrhythmia 
Characteristic Effect of Thio-Barbiturates (Pentothal, Thio-Pentobarbital and 
Thio-Ethamyl) as Influenced by Changes in Arterial Blood Pressure T Pharmacol 
& Exper. Therap. 63:193-213 (June) 1938. Gruber.z* 
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Injection of epinephrine in suitable concentration antagonized the 
antidiuretic effect of pentothal sodium and brought about a diuretic 
response identical with that of the control animals. 

Completely hypophysectomized rats past the polyuric stage showed 
the same inhibition of water diuresis after injection of pentothal sodium 
as did animals which had not been operated on. 

In animals anesthetized with pentothal sodium the injection of 
posterior pituitary solution was not followed by antidiuresis but by slight 
diuresis. Administration of pentothal sodium to rats rendered anti- 
diuretic by injection of posterior pituitary extract resulted in more 
marked oliguria than that observed after injection of posterior pituitary 
extract alone. 

From these and other considerations the conclusion was reached that 
pentothal sodium antidiuresis in rats results from hypotension, either 
renal or general. Furthermore, the results indicate that in the production 
of pentothal sodium antidiuresis the thiobarbiturate exerted no direct 
.action on the renal unit or on the hypothalamicohypophyseal system. 

Box 1353, University of Virginia. 
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Much of the past year’s literature on gastroenterologic subjects con- 
sists in confirmation or refutation of previously advanced ideas and 
observations. Such a state of flux is inevitable in consideration of the 
fact that experimental observations fundamentally represent a continuous 
process of addition, with occasional subtraction because of newer evi- 
dence. For this reason in any review it is necessary and wise to include 
much that is not entirely new but which sheds light on current ideas, 
many of which need modification and some of which need to be stressed 
again and again in order to establish the importance of fundamental 
clinical or physiologic principles. As in previous years, I will attempt 
to present a composite impression of many, but by no means all, of the 
articles that have appeared during the past year, avoiding as far as 
possible the inclusion of certain contributions which are merely repetitions 
of already recorded observations. An attempt has been made to separate 
the material into two major groups, one dealing with experimental or 
clinical observations on the functioning of the digestive tract and the other 
dealing largely with disease entities or with specific symptoms. 

GASTROINTESTINAL FUNCTION 

Motor . — The relation between the higher levels of the central nervous 
system and the motor function of the gastrointestinal tract has been 
appreciated for a long time, but continued search is still indicated for a 
determination of the actual pathways that are involved and the way in 
which these pathways function. A study by Hesser, Langworthy and 
Kolb^ of gastric activity released from cortical control is pertinent. 
These authors in experiments on cats recorded graphically definite 
alterations in gastric tone and motility following ablation of the cerebral 
motor cortices. Such alterations were demonstrable as greater per- 

1. Hesser, F. H. ; Langworthy, O. R., and Kolb, L. C. : Experimental Study 
of Gastric Activity Released from Cortical Control, J. Neurophysiol. 4:274, 1941 
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sistency, consistency and strength of stomach contractions along with 
increased tone of measured distention of the stomach. These changes 
were interpreted as evidence of a release from a regulating influence by 
the motor cortex. A marked stretch reflex with delayed relaxation of the 
stomach wall after sudden distention was also apparent. Similar modifica- 
tions were noted in esophageal motility, and on the basis of previous 
experiments the authors quite properly suggest that the smooth muscle 
of the stomach and the esophagus is controlled by reflex pathways in the 
nervous system similar to those which control tone and contraction in 
the bladder. In 'this connection it is wise to recall the remarkable 
observations of Beaumont on St. Martin, with particular reference to 
motor and vascular changes in the stomach following emotional distur- 
bances. The recent observations by WolfiF and Wolf “ on changes in the 
vascularization and the motor and secretory activity of the human 
stomach, as observed in a patient with a gastrostomy, are further con- 
firmation of the intimate connection between the higher nen^e centers 
and the function of the digestive tract. This study by Wolff and Wolf 
constitutes one of the most important visual demonstrations oj such a 
correlation that has yet been made and provides the basis for a much 
clearer understanding of various transient or even more permanent 
changes that are to be encountered as manifestations of disease of the 
digestive tract in human beings. A somewhat metaphysical study by 
McGlade® may have a remote bearing on the preceding experiments. 
He studied the relation between the movements of the extremities 
occurring after the onset of sleep when certain foods were eaten one hour 
before going to bed. Each foot movement was found to coincide with 
the sound of the relaxing pyloric sphincter, suggesting evacuation of the 
stomach, and the author believes that he has secured evidence that the 
relation between these groups of movements and varied ingestion times 
not only was predictable in all cases but bore a definite time relation to 
dreams occurring at the end of the movements. 

A type of conditioned reflex involving buccal sensation and alterations 
in gastric motor activity was studied in dogs by Bulygin,^ who created 
chronic fistulas in the fundal and the pyloric part of the stomach and in 
the duodenum. Irritating substances introduced into the mouth produced 

2. Wolff, H. G., and Wolf, S.: Studies on a Subject with a Large Gastric 
Fistula : Changes in the Function of the Stomach in Association with Varying 
Emotional States, read at the meeting of the Association of American Physicians, 
Atlantic City, N. J., Maj' 5, 1942. 

3. McCiade, H. B. : The Relationship Between Gastric Motility, Muscular 
Twitching During Sleep and Dreaming, Am. J. Digest. Dis. 9:137, 1942. 

4. Bulygin, I. A.: Reflex Influence from the Oral Cavity upon the Gastric 
and Duodenal Movements, J. Physiol. U. S. S. R. 27:331, 1939; abstracted, Biol. 
Abstr., Sect. B 16:3999, 1942. 
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an increase in gastric and- duodenal movements in most instances, whereas 
water produced little if any change. If, however, water was introduced 
into a dog’s mouth on the day following the experiments with irritating 
substances, the effect was the same as if an irritating substance had been 
placed in the mouth and appeared to be evidence of a conditioned reflex. 
After a certain number of days this reflex disappeared but could be 
renewed by repeating the experiment. The nervous pathways for the 
reflex regulation of intestinal pressure were studied in dogs by Youmans, 
Karstens and Aumann.® After determining by recording methods on 
Thiry fistulas that inhibition of one segment of the intestine could be 
obtained by distention of another segment, various observations were 
made after bilateral vagotomy at the level of the lower portion of the 
esophagus or at the midcervical region or after the splanchnic nerves were 
cut and the lumbar sympathetic chains were removed. What was called 
the "intestino-intestinal inhibitory reflex” was abolished by sympathec- 
tomy alone but was not noticeably altered by vagotomy. The conclusion 
was reached that only the sympathetic nervous system contains both 
afferent and efferent pathways for this particular reflex. The authors 
maintained that the regulation of intestinal motility by extrinsic nerves 
consists, in part, of reflex inhibition of the intestine as a result of stimuli 
arising from excessively strong contractions. One function of this reflex 
might be that of helping to keep the pressure within the intestine below 
the level which blocks blood flow through the vessels of the intestinal 
wall, a point that would have a direct bearing on some of the phenomena 
observed in intestinal obstruction. Whether sensory, afferent pathways 
are confined to the sympathetic fibers, as has usually been thought to be 
the case and as is suggested by the foregoing results, is a matter for 
careful speculation and observation in relation to the phenomenon of pain 
arising from the digestive tract. 

Recognition of the possibility that gastrointestinal motility may be 
importantly modified by deficiencies in one or more members of the 
vitamin B complex continues to be encountered in numerous articles, 
such as those by Mackie ° and Martin and his collaborators.’’ Changes 
in the roentgen pattern of the small intestine may occur in a variety of 
conditions, and it is well known that they may be indicative, at times, of 
real deficiency disease. Mackie enumerates many of the conditions, 
such as sprue and steatorrhea, that are associated with a changed pattern 

S. Youmans, W. B. ; Karstens, A. I., and Aumann, K. W. : Nervous Pathways 
for the Reflex Regulation of Intestinal Pressure, Am. J. Physiol. 135:619, 1942. 

6. Mackie, T. T. : Vitamin Deficiencies and the Small Intestine JAMA 
117:910 (Sept. 13) 1941. 

7. Martin, G. J.; Thompson, M. R., and DeCarvajal-Forero, J.: The Influence 
of Inositol and Other B Complex Factors upon the Motility of the Gastro- 
intestinal Tract, Am. J. Digest. Dis. 8:290, 1941. 
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and points out what may be a pertinent fact — that exactly the same 
pattern is presented by the intestine of the newborn infant. Since this 
“deficiency pattern” of the small bowel noted in early infantile life dis- 
appears complete^ during the child’s later development, it would seem 
that indirect evidence was available that is highly suggestive of a modifica- 
tion of the intrinsic nervous plexus covering intestinal motility. Degen- 
eration of Auerbach’s and of Meissner’s plexus is known to occur in such 
a deficiency state as pellagra. By analogy, one may be justified in con-' 
eluding that reversal of the mucosal pattern supposed to be characteristic 
of deficiency disease following the administration of vitamin B may be 
entirely due to the effect of some part of the complex on the intrinsic 
nerve supply of the intestine. Such a concept would be similar to the 
known results of thiamine administration on the changes in peripheral 
nerves encountered in patients with beriberi. Evidence seems to show 
that the administration of the vitamin B complex in the form of crude 
liver extract or yeast is much the most effective therapeutic method and 
indicates that such changes as have been observed may, in part at any 
rate, depend on some other factor than thiamine, riboflavin or nicotinic 
acid. Martin, Thompson and DeCarvajal-Forero suggest, on the basis 
of animal experiments, that inositol and nicotinic acid are the members of 
the vitamin B complex directly concerned with motor function and 
that a balance or ratio of nicotinic acid or similar compounds to 
inositol is the nutritional factor which determines hypomotility or hyper- 
motility. That the changes in gastrointestinal motility associated with a 
dietary lack of vitamin B^ are not due to malnutrition alone is indicated 
in the animal experiments of Gershon-Cohen and his associates.® A com- 
parison of the motility of the small bowel in animals on a vitamin Bi- 
deficient diet and in a similar group under starvation conditions indicated 
that starvation alone produced minimal changes in the tonicity of thC' 
entire digestive tract. 

Some experiments have been attempted to determine the effect of 
avitaminosis A on gastric emptying time, and in half of the experimental 
animals used by Herrin ® the final emptying time of the stomach was 
strikingly increased under deficiency conditions. The results were varia- 
ble, however, and it would seem that lack of vitamin A intake had little 
important influence directly on the motor activity of the stomach, except 
possibly as a reflection of a general nutritional disturbance. It is also of 
interest to note that in Herrin’s experiment the presence of avitaminosis 
A had no appreciable effect on the acid secretion of the stomach. 

8. Gershon-Cohen, J. ; Shay, H., and Fels, S. S. : Bi Avitaminosis : Roent- 
genologic Studies of Gastro-Intestinal Tract in Rats on Vitamin Bi Deficiency 
Diets, Am. J. Roentgenol. 46:876, 1941. 

9. Herrin, R. C: Gastric Emptying Time and Acidity in Avitaminosis A in 
Dogs, Am. J. Digest. Dis. 7:164, 1940. 
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By the use of balloons and the kymograph hypermotility of the human 
stomach was demonstrated by Hamilton and Curtis during the clinical 
appearance of ”ga-s pains,” late postoperative nausea, pylorospasm 
secondary to ulcer, biliary colic, etc. During the clinical manifestations 
of these varying conditions gastric hypermotility occurred simultaneously 
with varying degrees of clinical distress. Moreover, the patients ceased 
to complain of pain or discomfort when the stomach was quiescent. 
Whether hypomotility was spontaneous or induced by atropine made no 
apparent difference. Such observations help to clarify the mechanism 
underlying symptoms common to various disease conditions and indicate 
the form of .therapy needed. Further observations on the phenomena 
occurring during nausea are contributed by Ingelfinger and Moss.^^ 
Observations were made on 5 normal volunteers and on 1 5 patients, 5 of 
whom had organic disease of varying types. Kymographic records of 
duodenal activity were obtained after labyrinthine excitation or after the 
administration of morphine sulfate. By one of these two methods nausea 
was produced in most instances and was associated with a generalized 
contraction of the descending duodenum, which frequently resulted in the 
expulsion of balloons backward into the stomach, without, however, any 
demonstrable evidence of reverse peristalsis. The authors believe that 
duodenal spasm is a frequent concomitant of nausea and results in a push- 
ing of the duodenal contents into the stomach by reversing the intestinal 
gradient. Necessarily, they point out, pylorospasm during nausea would 
seem to be impossible. 

A prolonged initial depression of gastric motility and tone following 
the use of insulin is reported by Necheles, Olson and Morris this 
depression was coincidental with hypoglycemia. As the blood sugar rose 
to medium and slightly low values, the typical insulin hypermotility 
appeared. The authors explain this initial hypomotility on the basis 
of an increased epinephrine response to hypoglycemia and suggest, there- 
fore, that the clinical use of insulin in cases of anorexia should be limited 
to the administration of rather small doses in order to avoid marked 
hypoglycemia. 

Brown, Pendergrass and Burdick compare the motor activity of the 
gastrointestinal tract in 24 patients with hyperthyroidism and 14 normal 

10. Hamilton, F. E., and Curtis, G. M.: Clinical Indications for Inducing 
Gastric Hypomotility, J. A. M. A. 117:2228 (Dec. 27) 1941. Hamilton, F. E.: 
The Clinical Significance of Human Gastric Motility, Ann. Surg. 114:153, 1941. 

11. Ingelfinger, F. J., and Moss, R. E.: The Activity of the Descending 
Duodenum During Nausea, Am. J. Physiol. 136:561, 1942. 

12. Necheles, H. , Olson, W . H., and Morris, R. : Depression of Gastric 
Motility by Insulin, Am. J. Digest. Dis. 8:270, 1941. 

13. Brown, R. B.; Pendergrass, E. P., and Burdick, E, D. : The Gastro- 
intestinal Tract in Hyperthyroidism, Surg., Gynec. & Obst. 73:766, 1941. 
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persons and conclude that the following gastrointestinal changes are 
characteristic of hyperthyroidism : ( 1 ) an increased incidence of achlor- 
hydria; (2) an increased prominence of gastric rugae; (3) an increase 
in the rapidity with which the stomach starts to empty; (4) a delay in 
gastric emptying following the initial increase; (5) increased tone of the 
small intestine with an abnormal pattern; (6) increased motility of the 
small intestine, and (7) a similar increase in tone and motility of the large 
intestine. A previously unpublished observation by Castleton on the 
effect of artificial hyperthyroidism on the rate of rhythmic contractions 
both of intact and of excised small intestine of rabbits confirms the fore- 
going observations. This author believes it possible that. the increase 
in the rate of rh}d:hmic contractions is associated with an increase in the 
irritability of the bowel and that these changes may have something to do 
with the production of the diarrhea that is frequently noted in the thyro- 
toxic state. That the translation of the results of such animal experi- 
ments from one species to another or to human beings may not be 
appropriate is indicated in the experiments of Oppenheimer and Glyer,^° 
who made observations on the motor activity of exteriorized intestinal 
loops in dogs. These loops included areas from high up in the jejunum 
to just above the ileocecal valve. The administration of thyroid in doses 
sufficient to elevate the basal metabolic rate 50 per cent did not alter the 
rate of contraction except in a segment just above the ileocecal valve. 
That increases in metabolic rate alone are insufficient to account for such 
motor changes is indicated by the fact that preparations of alpha-1, 2,4- 
dinitrophenol given in doses sufficient to elevate the rate over 200 per 
cent did not increase the rate of contraction in the exteriorized loops. 
That some other mechanism may be involved in the diarrhea of hyper- 
thyroidism is suggested, at any rate, by the report of Bartels.^® In a 
group of patients suffering from diarrhea in association with hyper- 
thyroidism and in whom the usual measures to control hypermotility of 
the bowel were ineffective, the administration of lipocaic restored normal 
intestinal function in the course of a short time. In 1 instance the return 
of hyperthyroidism was again associated with diarrhea, which was once 
more controlled b}”- the use of lipocaic, suggesting the possible effect of 
lipocaic in supplementing the internal secretion of the alpha cells of the 
depleted pancreas. 

14. Castleton, K. B.: The Rate of Rhythmic Contraction of the Small Bowel of 
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15. Oppenheimer, M. J., and Glyer, N. M. : The Effect of Elevated Metabolism 
on Rate of Intestinal Contractions, Am. J. Digest. Dis. 8:471, 1941. 
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Larson studied the effect of preparations of posterior pituitary 
on the motility of the large intestine in unanesthesized dogs. Giving 
solutions of posterior pituitary or pitocin intravenously resulted in a 
decrease in tone and motility of the upper and the lower portion of the 
large bowel. Pitressin was without effect. Subcutaneous or intra- 
muscular injections of varied doses of solution of posterior pituitary 
or of pitressin usually caused only an increase in motility in the upper 
portion of the large bowel. Subcutaneous injection of pitocin had little 
or no effect on tone or motility. 

The effect on motility of the exclusion of bile from the intestinal tract 
has been studied by Ackerman, Curl and Crandall.^® In dogs with bile 
fistulas there was an increase in the rate of gastric evacuation and of the 
entrance of barium sulfate into the large intestine following a mixed meal. 
After a fat meal there was a slower gastric emptying time than in normal 
animals, which was increased by the administration of bile salts with the 
fat meal. These authors state that the suggestion that bile salts are an 
important factor in the regulation of the motility of the small intestine 
is not supported by their observations. It is possible that such observa- 
tions indicate the need for a search for some other factor than the absence 
of bile salts as the one responsible for the rapid intestinal rate so fre- 
quently noted in patients with obstructive jaundice. 

Studies made by Quigley and Meschan with the tandem balloon 
method demonstrated that fatty acids or soaps introduced into the 
proximal portion of the intestine of fasting dogs inhibited the motility 
of the pyloric antrum sphincter and the duodenal bulb in a manner 
qualitatively similar to that in which natural fats acted. Such retardation 
of gastric evacuation apparently resulted from decreased antral peristalsis 
and occurred in spite of a relaxed sphincter. The evidence indicated that 
if natural fats were administered, they initiated the reaction and the 
products of digestion continued the influence. Analagous experiments 
are reported by Tidwell and Cameron,®® the results of which indicate 
that the gastric inhibitory response to fat varies with its chemical com- 
position, a finding similar to that noted by the preceding authors. The 
statement is made that there is a striking parallelism between the ease of 

17. Larson, E. ; The Effect of Posterior Pituitar 3 ' Preparations on the Large 

Intestine of the Unanesthetized Dog, J. Pharmacol. & Exper. Therap 72*363 
1941. ■ ‘ ’ 

18. Ackerman, R. F.; Curl, H., and Crandall, L. A., Jr.; Gastrointestinal Tract 
Motility in the Absence of Bile, Am. J. Physiol. 134:32, 1941. 

19. Quigley, J. P., and Meschan, I.: Inhibition of the Pyloric Sphincter 
Region by the Digestion Products of Fat, Am. J. Physiol. 134:803, 1941. 
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absorption of a fat and its ability to produce gastric inhibition, which 
suggests that the absorption of fat from the duodenum is a prerequisite 
for the liberation of enterogastrone. 

Tennent-^ concludes from animal experiments that alcohol delays 
gastric emptying and accordingly the absorption of dextrose. This delay 
in gastric emptying is attributed to the appearance of pylorospasm, which 
the author does not consider solely due to the irritating effect of alcohol 
on the gastric mucosa. When one considers that in these experiments 
the alcohol was administered by the intraperitoneal route, it seems 
pertinent to question whether the peritoneal irritation itself may not have 
contributed to alterations in motor activity. This may not have been 
the case, however, inasmuch as a certain length of time was allowed 
for the effects of alcohol to develop fully (intoxication) before dextrose 
was administered. 

A comparison of the effect of liquid and of solid meals on intestinal 
activity has been made by Grindlay and Mann,-^ with observations on 
exteriorized loops of various portions of the small bowel. Sham feed- 
ings, the introduction of water and various liquid meals and the feeding 
of solid cooked meals all caused a typical sudden burst of motor activity, 
which was maintained, however, for more than a few minutes only in 
the case of a solid meal. Motor activity disappeared within a few 
minutes with a sham feeding and diminished rapidly after the adminis- 
tration of water or various liquids. The appearance of low grade, 
irregular segmentation waves and inconspicuous tonus changes was 
maintained for about half an hour in the case of water and slightly 
longer in the case of liquid meals. The motor response was sustained 
for hours after a solid meal, with resulting prominent irregular 
segmentation waves, tonus changes, tonus waves and occasional peri- 
staltic waves, activity persisting in some instances for as long as 
twenty-four hours. 

The effect of sodium amytal on gastric emptying was shown by Van 
Liere and Northup,-® who noted an average decrease of almost 20 per 
cent when this drug was taken a short time before eating. An addition 
to studies on the effects of some spasmolytic substances on gastric 
function is to be found in the work of Lehmann and Knoefel.*'* A 
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comparison of the effects of atropine and similar substances on experi- 
mental cardiospasm and on gastric hypermotility caused by insulin was 
made. The comparative potency of such compounds seemed to vary 
similarly with their potency in depressing motility of the small intestine 
and with their potency in antagonizing the spasmogenic effects of 
acetylcholine on isolated intestine. Particular attention was paid to 
one compound (diethylaminoethylfluorene-9-carboxylate hydrochloride) 
chosen from a series of forty-four related compounds as the most 
promising for clinical trial. It was found that in terms of atropine this 
compound was about one-twentieth as potent in reducing gastric hyper- 
motility and had much less effect in delaying gastric emptying and in 
reducing gastric secretion when given in one hundred times the dose. 
Such studies are of extreme importance in view of the fact that a real 
shortage of atropine and atropine derivatives exists at present because 
of the war. It is obviously important to procure potent spasmolytic 
substances to replace atropine if possible. An additional result of the 
foregoing studies is of interest as confirmation of previous observations, 
namely, that atropine and similar substances have little or no relaxing 
action on experimental cardiospasm. Such a finding is entirely con- 
firmatory of the failure of atropine to produce beneficial effects in 
“cardiospasm” in human beings. 

The effects of senescence on gastric motility have been studied by 
Van Liere and Northup.^® By comparison with standards previously 
obtained on a large group of vigorous young adults, it was possible 
to conclude that no alteration of gastric emptying time could be demon- 
strated in a group of old men. The average age of the subjects was 
70 years. In view of increased interest in geriatrics, such a study is 
of fundamental importance. 

A comparative study on the mechanism of the action of prostigmine 
on intestinal motility was made on human beings and on dogs by 
Schwartz, Reingold and Necheles.-® Their observations were made by 
means of kymographic records obtained after the introduction of a 
balloon into an intestinal fistula in human beings and by a somewhat 
similar maneuver in animals. The increased motor activity, which lasted 
from thirty to sixty minutes, that was noted in the human subjects after 
the use of prostigmine was not altered by the addition of acetylcholine. 
There were no serious or disturbing by-effects from the prostigmine. 
In the animal experiments it appeared that the effects of prostigmine 
on the intestinal musculature were twofold, namely, through stimulation 

25. Van Liere, E. J., and Northup, D. W.: The Emptying Time of the Stomach 
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of tlie parasympathetic nerves and through direct stimulation of the 
intestinal musculature. It was impossible to abolish the action of 
prostigmine by the use of atropine, although the effect obtfiined by 
acetylcholine could be so abolished. The therapeutic use of prostigmine 
in paralytic ileus is thus justified by these investigators, who suggest 
a dose of prostigmine based on the weight of the individual patient. 
Patients weighing under 125 pounds (57 Kg.), they' believe, should 
receive proportionately less than 1.0 mg. of prostigmine methylsulfate, 
a dose which seems to be adequate for persons at or above that weight. 

Because of its application to optimum preparation of subjects for 
roentgen examination of the colon the study of Bruck and Fruchter^’^ 
is of interest. Control observations were made on a group of 15 young 
adults after the ingestion of a barium sulfate meal, and subsequently 
repeated observations were made after the administration of a barium 
sulfate meal combined with one of several commonly used laxatives. 
The effects of fluidextract of cascara sagrada, compound licorice powder, 
magnesium citrate, magnesium sulfate and castor oil were thus studied. 
The last three laxatives produced some delay in gastric emptying time, 
and all of the laxatives studied produced an initial irritability of the 
proximal portion of the jejunum, lasting one to three hours. With 
magnesium sulfate there was a definite delay in the passage of the 
meal through the small intestine, but the other laxatives produced 
moderately increased motility of the small intestine. Of the preparations 
used, compound licorice powder and castor oil proved the most satis- 
factory in completely emptying the colon and are to be preferred for 
colonic cleansing in routine preparation tor roentgen studies. In spite 
of the production of numerous bowel movements more barium sulfate 
was retained at the end of forty-eight hours after the administration of 
magnesium salts than during a control observation. These studies are 
supplementary to observations reported previously by Oppenheimer and 
Mann and reviewed a year ago."® 

Necheles and Olson report the effects of trauma and traumatic 
shock on gastrointestinal motility and secretions, and the results of this 
study are compared with those previously obtained on the effects of 
burns, after which there Avas an increase of gastric motility and in some 
animals a considerable increase in the volume and the acidity of the 

27. Bruck, S., and Fruchter, J. M. : Influence of a Single Dose of Commonly 
Used Laxatives on Gastro-Intestinal Motility: A Comparative Study, Radiolog> 
38:145, 1942. 

28. Jones, C. M. : Gastroenterology : A Review of Literature from July 1940 
to July 1941, Arch. Int. Med. 68:763 (Oct.) 1941. 

29. Necheles, H., and Olson, W. H.: Experimental Investiption on the 
Effects of Trauma and Traumatic Shock on Gastrointestinal Motility and Secre 
tions. Am. J. Physiol. 136:32, 1942. 



JONES—GASTROENTEROLOGY 


595 


gastric secretions. In these experiments gastric motility was slightly 
increased for short periods when the blood pressure of traumatized 
animals was above 80 mm. and for somewhat longer periods and to a 
greater extent when the blood pressure declined further. This did not 
compare with the intensity of gastric activity that was noted after burns. 
In none of the burn experiments was there a depression of gastric 
motility, a phenomenon which was encountered in a number of the 
experiments with trauma. The authors believe that the moderate 
increase in gastric motility fojlowing traumatic shock may be related to 
anoxemia as both became more apparent with a lower blood pressure, 
but they point out that the anoxemia of the stomach may be more 
dependent on vasomotor regulation than on systemic blood pressure. 
Various degrees of traumatization had no significant effect on the gastric 
secretion, and the depressant effect of burns on salivary, pancreatic and 
biliary secretions was considerably greater than that associated with 
mechanical trauma. It would seem pertinent to point out that such 
animal experiments necessarily fail to take into account the factor of 
pain which is almost always associated with traumatic shock or severe 
burns in human beings. This cannot be entirely disregarded as a 
possible important factor in the production of various vasomotor dis- 
turbances, which might lead to motor or secretory changes in the stomach 
and thus have a bearing on the production of ulcer. 

Studies by Wasteneys, Crocker and Hamilton made use of an 
ingenious reentrant fistula in dogs, situated just below the junction of 
the duodenum and the jejunum, as a means of investigating the digestion 
of various food substances. Of the observations and suggestions 
reported, one is extremely pertinent; namely, it is not justifiable to 
interpret “emptying time” (as obtained from roentgen studies) in terms 
of relative digestibility of food stuffs. It is obvious from the numerous 
reports that have been made on gastric emptying time after roentgen 
studies and on the determination of “percentage of digestion,” that 
conclusions based on what is largely a motor function are in no way 
adequate to cover entirely the question of digestion and digestibility. 

Secretory . — A most competent discussion of the internal secretions 
of the gastrointestinal tract is to be found in an article by Ivy.®’- This 
article brings up to date the known facts in regard to this phase of the 
physiology of the digestive tract and outlines the implications, thera- 
peutic and otherwise, in a satisfactory manner. The work is too detailed 
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to warrant complete discussion in the present review but deserves a 
careful reading by those interested in the physiology of the gastro- 
intestinal tract. The secretory response of the gastric glands to gastrin, 
the stimulation of pancreatic secretion by secretin, the evacuation of 
the gallbladder by cholecystokinin, the inhibition of gastric motility and 
secretion by enterogastrone, the stimulation of the secretion of succus 
entericus and the possible augmentation of the movements of the 
intestinal villi to promote intestinal absorption by villikinin are all 
discussed as proved or probable physiologic examples of the humoral 
control of the digestive processes. Mention is also made of the pos- 
sibility that the gastrointestinal tract may harbor an “insulin synergist” 
affecting carbohydrate metabolism. This hypothetic substance, for 
which the name duodenin has been suggested, is supposed to have a 
stimulating effect on the islands of the pancreas. Ivy points out correctly 
that none of the internal secretions of the gastrointestinal tract has been 
demonstrated to have therapeutic value. Histamine, if it is gastrin, 
and secretin possess diagnostic value; cholecystokinin is of potential 
diagnostic value; enterogastrone and urogastrone {vide infra) possess 
therapeutic promise. In a discussion of the humoral stimulation of 
gastric secretion, Gregory and Ivy present evidence that there are 
at least two components in the humoral stimulation of a transplant of 
the gastric fundus by a meal — one liberated from the gastric mucosa by 
the presence of secretagogues and the other from the mucosa of the 
small intestine by the presence of food or secretagogues. The results 
of experiments in which the mucosa of one or the other of the pouches 
of a two pouch preparation was anesthetized by procaine hydrochloride 
have provided evidence that the gastric component of humoral stimu- 
lation is hormonal in nature. No such experiments have been performed 
in connection with the intestinal phase. The result of one experiment, 
which is subject to confirmation, in which the pyloric region of the 
gastric mucosa was removed from the main gastric pouch of the two 
pouch preparation, leads to the conclusion that the presence of this 
region of the stomach in the main gastric pouch is not essential for the 
demonstration of the humoral response of the transplant to perfusion 
of the main gastric pouch with a solution of secretagogues. It would 
seem that confirmation of this particular phase of the experiment might 
have an important bearing on the question as to how much of the stomach 
is to be removed at subtotal resection in order to obtain the most 
favorable results from the point of view of acid secretion. 

A further theoretic discussion on the role of enterogastrone, a sub- 
stance obtained from the intestinal mucosa and one which inhibits gastro- 
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intestinal motility and secretion, is given by Quigley, who emphasizes 
the necessity for further studies on the physiologic activity of this 
substance before attempting to assess any possible therapeutic value it 
may have in the therapy of ulcers. Further investigations on the gastric 
secretor)'- depressant occurring in urine are presented by Friedman and 
Sandweiss.®^ These investigators observed the effect of this substance 
on gastric secretion in dogs with Heidenhain pouches and found that 
it inhibited the gastric secretion stimulated by insulin, histamine and 
food. They believe that the mechanism involved is not known but that 
the site of action is on the gastric secretory cells. The preliminary 
acute experiments showed the inhibitory effect to be absent in dogs 
which have had the whole of the small intestine removed, suggesting 
that such action on the gastric glands is indirect. The authors point 
out that a consideration of the available data published by themselves, 
by Ivy and his associates and by Necheles leads to the conclusion that 
a substance which inhibits gastric secretion when administered intra- 
venously is excreted in the urine of normal men and women and in that 
of dogs. They believe that this inhibitory effect of urine extract is not 
due to pyrogenic substances. The nature of the gastric secretory depres- 
sant substance is unknown, but because it is relatively thermostable it 
does not appear to be an enzyme. It has not yet been proved that the 
integrity of the small intestine is essential for the inhibitory effect of 
enterogastrone, although it appears that the inhibitory effect of uro- 
gastrone is mediated by the small intestine. Gray and his collaborators 
have been led to the conclusion that there is no support for the view that 
urogastrone and enterogastrone are identical. The evidence suggests 
the importance of the gastrointestinal tract for the regulation of uro- 
gastrone excretion. That the output of urogastrone is reduced below 
normal in patients with ulcer is apparently a proved fact. The action 
of urogastrone is apparently specific for the stomach, for it is without 
effect on salivary secretion and on urinary secretion. Both in animals 
and in man Gray and others have shown that this principle, when given 
parenterally, reduces the volume and the acidity of gastric secretion 
after the administration of histamine. Whether the same agent is 
responsible for mild motor inhibition as well has not been established. 
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The apparent excretion of urogastrone is decreased by removal of the 
small bowel, but there is no proof as yet that the inhibitory principle 
occurring in urine originates entirely in the small intestine, and it is 
quite possible that this is not the case. The obvious therapeutic impli- 
cations inherent in this substance, which inhibits gastric secretory, and 
possibly motor, function, have yet to be explored from the point of view 
of prevention or cure of ulcer. 

Sandweiss and Friedman®® have studied the effect on histamine- 
stimulated gastric secretion in Mann-Williamson dogs of the gastric 
secretory depressant factor in extracts of urine of normal and of 
pregnant women. The range of gastric acidity was the same both in 
the treated and in the untreated animals, and it would appear that the 
prolongation of survival time in the treated animals was not due to the 
inhibition of gastric acid but to the administration of the urine extract. 
These authors suggest that the urine extracts exert beneficial effects 
through stimulation of active fibroblastic proliferation and epitheliali- 
zation of the ulcer, a process which can occur in the presence of normal 
gastric acid juice. A good deal of careful and discriminating work must 
be done before the final status either of urogastrone or of enterogastrone 
can be determined, but it is obvious that this type of physiologic approach 
to the ulcer problem may well be of fundamental importance. 

Further evidence of the influence of hormonal control of gastric 
secretion is to be found in experiments of Schiffrin,®’ who studied the 
relation between the parathyroid and the gastric glands in dogs. As 
has already been shown, the administration of parathyroid in amounts 
sufficient to increase calcium in the blood serum to any important degree 
produced a decrease in the volume and the acidity of the gastric contents 
after stimulation by histamine or by a test meal, and such an inhibition 
persisted after the serum calcium had returned to normal levels. 
Experiments were made on a Pavlov pouch dog and on a dog with an 
esophagotomy and a gastric fistula. The volume of the response to 
sham feeding and to administration of insulin and histamine was 
decreased, although there were no persistent after-effects, as in the 
previous experiment. In both instances, however, the concentration 
of pepsin in the gastric juice was definitely increased. In a Heidenham 
pouch dog, such measures, on the other hand, increased the volume, 
the acidity and the chloride content of the gastric juice but had no effect 
on pepsin, and a similar effect was obsen^ed after the use of irradiated 
ergosterol. After thyroparathyroidectomy the volume of gastric secre- 
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tion was increased and the concentration of pepsin was decreased in all 
of the different preparations, but this result could be reversed by the 
intravenous injection of calcium lactate or the subcutaneous adminis- 
tration of solution of parathyroid. Th)^roxin had no effect on the gastric 
secretory response. 

A rather interesting gastroscopic observation on gastric secretory 
activity was made by Lerner, Asher and Andrews. They watched 
the appearance of neutral red in the gastric mucosa after parenteral 
injection of the substance. In fasting animals only scattered pinpoint 
areas could be seen, and they were limited almost entirely to the 
fundus and the upper portion of the body. No dye was seen at the 
cardia, antrum or pylorus. It would seem from this observation that 
in the fasting state few of the pepsin-secreting and hydrochloric 
acid-secreting cells were functioning, a not illogical but nevertheless 
interesting finding. 

By means of careful experiments on dogs with vagotomized gastric 
pouches. Gray and Bucher made a detailed study of the composition 
of the gastric juice as a function of the rate of secretion. Repeated 
injections of histamine provided the stimulus for secretory activity, and 
accurate determinations of basic and of acid ions were obtained. By a 
detailed analysis of these various components, it was shown that the 
composition of gastric juice can vary only between the limits set by its 
two main sources — the parietal and the nonparietal cells. Since the 
nonparietal component is secreted at a slow and practically constant 
rate, whereas the parietal component is secreted at rates which vary 
widely with the dose of histamine, the authors conclude that the 
composition of the gastric juice is a function of its rate of secretion. 
The only constant element was that of potassium, the concentration of 
which remained practically the same throughout the observations. 

In experiments on animals with cannulated gastric and duodenal 
fistulas. Berk, Thomas and Relifuss,^® studied the reaction and neutral- 
izing ability of the pyloric antrum and the first portion of the duodenum 
after high carbohydrate and high fat meals. With an Ewald meal 
the contents of the first portion of the duodenum displayed a neutral- 
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izing, buffering and diluting capacity apparently in excess of physi- 
ologic needs, pn values in both the pyloric antrum and the duodenal 
bulb varying independent of titratable total acidity. A high fat feeding, 
as is known, diminished gastric acidity and enhanced the excess 
neutralizing ability of the contents of the first portion of the duodenum 
over fairly prolonged periods. The authors feel that this decrease in 
duodenal acidity following the administration of cream was only partly 
due to the inhibitory effect of fat on gastric secretion. They believe 
that the acidity of the contents of the duodenal bulb in a normal dog 
is largely determined by the type of food undergoing digestion and is 
related only in part to the acidity of the gastric contents. In a normal 
dog cream appears to be a much more effective duodenal antacid Fhan 
some of the commonly employed antacid medications. Such results, 
however, await the further elucidation that may possibly be obtained 
from a more accurate knowledge of the inhibitory effects of such 
substances as enterogastrone. Another method of approaching the 
subject of gastric secretory activity is described by Mann, Grindlay 
and Mann.^^ By an ingenious operative procedure on dogs it was 
possible to make chloride determinations on arterial and on gastric 
venous blood during the process of digestion. During the rapid secre- 
tion of hydrochloric acid by the gastric mucosa appreciable differences 
in the chloride concentration in the systemic and the gastidc venous 
blood were observed only occasionally. These differences appeared to 
depend mainly on variations in the cell chlorides. 

Grant has contributed further information on the buffering sub- 
stances in gastric secretion by studies on gastric mucus. In cats she 
found that mucus from surface epithelial cells and from the cells pro- 
ducing it in the vagal type of secretion is an immediate source of calcium 
in gastric secretions. Actively functioning peptic or parietal cells do 
not appear to be necessary for its production. The theory that mucus 
is an important factor for the reduction of gastric acidity is supported 
by direct evidence. She has been led to believe that an important 
factor responsible for variations in calcium content and acidity of gastric 
secretions in the presence of varying amounts of mucus in secretions 
of different types. Calcium is liberated from the mucus in a reaction 
associated with the reduction of acidity and is an index of this reac- 
tion. Further evidence that the mucoid secretion of the stomach is 
of importance in lowering the acidit}'^ and the total chloride concen- 

41. Mann, F. D.; Grindlay, J. H.,.and Mann, F. C.: The Withdrawal of 
Chloride from the Blood the Gastric Glands, Am. J. Digest. Dis. 8:451, 1941. 

42. Grant, R. : Calcium in Gastric Mucus and Regulation of Gastric Acidity, 
Am. J. Physiol. 135:496, 1942. 



JONES— GASTROENTEROLOGY 


601 


tration of the gastric juice was obtained by Babkin and his associates 
as a result of the application of acetic acid solutions to the gastric 
mucosa. When this procedure was followed by the injection of hista- 
mine, a diminished volume of gastric secretion, with a lowering of 
the total chloride concentration and the free and the total acidity, was 
constantly noted, and this was associated with a striking increase in 
mucus secretion, which the authors believe was responsible for the 
alterations obtained. Certainly such findings would seem to indicate 
clearly one of the protective mechanisms inherent in the stomach that 
is more or less effective in the presence of mucosal irritation or inflam- 
mation, as previously pointed out by Fogelson and others. 

Sixteen amino acids were studied by Thomas to determine whether 
they caused gastric inhibition when placed in the small intestine. Only 
the monoamino-monocarboxy acids caused gastric inhibition regularly 
when administered in neutral salts, and the inhibitory effect was roughly 
proportional to their molecular weights. The dicarboxy acids and the 
diamino acids inhibited secretion only when administered as free acids 
without neutralization. 

The effect of heavy irradiation of the stomach is well known to 
decrease its secretory activity, and observations made by Streicher 
showed that pathologic changes following such a procedure involved 
chiefly the secretory epithelium of this organ. He also produced evidence 
that hepatic damage secondary to direct high voltage irradiation or caused 
by the use of carbon tetrachloride not only produced intrahepatic changes 
but, at the same time, depressed the acidity of the gastric juice. In these 
experiments the gastric juice obtained from a Pavlov pouch was appar- 
ently highly buffered, and it appeared that this buffering again was due 
to chemical constituents (perhaps protein) which were recognizable at 
hydrogen ion concexitrations between 3 and 5 and between 6 and 7 . 

A study of the functions of the stomach following partial pyloric 
obstruction with and without gastroenterostomy was made by Neuwelt 
and associates after an operative procedure on dogs. After a prolonged 
control period of observation following the production of pyloric stenosis, 
gastroenterostomies were performed and gastric secretory activity was 
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compared with that during the control period. The results were variable. 
There was no change in the volume or the acidity in some animals after 
enterostomy; in others there was an increase, and in a'third group, a 
decrease. Neither peptic nor anastomotic ulcers were observed in any 
of the animals. The conclusion was reached that gastroenterostomy in 
dogs combined with partial pyloric stenosis cannot be relied on to produce 
rapid emptying of the stomach or reduced gastric acidity. Such a finding 
may help to explain many of the failures attributed to a gastroenterostomy 
in the presence of ulcer, but a complete comparison is not entirely per- 
missible, inasmuch as none of these dogs had an ulcer at any time. 

A rather complete review of the various experimental procedures 
that have been carried out on the stomach in an attempt to produce 
pernicious anemia has been made by Petri and Jensenius.^’^ As these 
authors point out, no operative procedures on animals have been devel- 
oped which will result in the production of a pernicious anemia state, 
although various types of anemia, depending on the species of animal 
and kind of operation, have resulted from various maneuvers. Because 
of the discrepancy existing between results obtained by various investi- 
gators, the writers urge a still further study of the biologic foundation 
underlying such a condition as addisonian anemia. They consider that 
failure to reproduce such a condition in animals is due to the fact that 
either the site of formation of the intrinsic factor has not been ade- 
quately controlled by operative procedures or the correctness of Castle’s 
theory has to be questioned. Fox and Castle,^® using various prepara- 
tions of hog and of human stomach, have attempted to determine 
whether the material present in the preparations and possessing a 
blood-forming activity in addisonian pernicious anemia could be used 
to define the site at which the intrinsic factor was secreted and whether 
observations based on the hog stomach were applicable to the human 
stomach. From their observations and those of Meulengracht it appears 
that the antianemic potency of the pyloric portion of the hog stomach 
indicates the main site at which the intrinsic factor is secreted in that 
animal but that in man areas containing the fundus type of gland and 
not the “pyloric gland organ” are the important sites at which the 
intrinsic factor is secreted. This site coincides with the site of the 
degenerative process seen in microscopic preparations of the stomach 
in pernicious anemia in human beings. It is important to stress such 
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species differences in relation to animal experimentation, and such a 
finding, of course, would seem to explain the infrequency with which 
macrocytic anemia occurs in gastric resections in man, inasmuch as 
under such circumstances the cardiac portion of the human stomach 
is saved and may provide an adequate source of the intrinsic factor. In 
spite of the known secretory deficiencies existing in patients with addi- 
sonian pernicious anemia, it is of some interest that Witebsky and 
associates were able to demonstrate that the gastric juice of patients 
with pernicious anemia contains blood group-specific substances in the 
same large amounts as normal gastric juice. 

Absorptive . — The complicated process of phosphorylation in relation 
to intestinal absorption still requires much study before it can be finally 
elucidated. To those interested in this complex and still hypothetic 
phenomenon the study of Beck on some of the details of the phos- 
phorylation hypothesis of dextrose absorption by intestinal mucosa 
warrants examination. In this work an analysis was made of various 
phosphate fractions in intestinal mucosa after absorption in order to 
determine the relative importance of various phosphorus compounds in 
dextrose absorption. On the basis of barium separation procedures and 
“fructose” determinations it seemed that most of the absorptive increase 
in the intestinal mucosa was due to an accumulation of a hexose mono- 
phosphate ester. 

Barnes, Miller and Burr,®^ using spectroscopically distinguishable 
conjugated fatty acids of corn oils, made a study of the absorption and 
transport of the methyl esters of fatty acids across the intestinal mucosa 
of rats. The results showed no apparent parallelism between the rate of 
fatty acid incorporation into mucosa phospholipids and transport. Winter 
and Crandall,®^ by using the angiostomy technic in dogs, have thrown 
some new light on the question of the portal absorption of fatty acids, 
samples of blood being drawn simultaneously from the portal and the 
hepatic vein and from the femoral artery before and during fat absorp- 
tion. No significant arterioportal or hepatic inflow-outflow differences 
in fatty acid content could be demonstrated during fat absorption. It 
would seem from such results that fat absorption from the intestine 
by way of the portal vein is negligible. 
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Alterations in the absorpti^'e capacity of the small intestine in the 
presence of deficiency disease are known to- occur and undoubtedly form 
the basis of some of the nutritional disturbances seen in such conditions. 
The study of Beams, Free and Glenn on the absorption of galactose 
from the gastrointestinal tract in deficiency diseases adds further con- 
firmation of these known facts. In patients with active pellagra and 
nontropical sprue there was marked impairment of galactose absorption. 
Curiously enough, a distinct improvement in the absorption of galactose 
accompanied clinical improvement in patients with pellagra but not in 
those with sprue. Two of 4 patients with rosacea keratitis showed 
decreased galactose absorption, which improved under riboflavin therapy. 
Any study of deficiency conditions should include a consideration of' celiac 
disease. For this reason the work of May and McCreary deserves 
mention. A deficient absorption of vitamin A is a constant feature of 
celiac disease, but this fact is of limited value in differentiating it from 
other conditions producing the celiac syndrome. The level of carotenoids 
in the blood of patients with celiac disease seems to follow the clinical 
course of the disease, being low throughout the active stage and rising 
with clinical improvement. The absorption of vitamin A appears to 
return to an entirely normal level when recovery is complete. 

MacKay and Clark showed that the rate of absorption of dextrose 
from the rat intestine under conditions of forced feeding depended on the 
amount and concentration of sugar. Variable doses administered in a 
fixed volume gave a relatively constant absorption coefficient, but when 
variable doses of dextrose were administered at the same concentration 
but in variable volumes, the absorption coefficient was related to the dose 
of dextrose. concentrating the period of eating through a prior 

period of fasting or by giving dextrose alone and increasing the appetite 
with injections of protamine zinc insulin or by the use of a cold environ- 
ment, a great increase in the absorption coefficient was obtained. 
Anoxia up to and including a partial pressure of oxygen equivalent to 
an altitude of 28,000 feet (8,400 meters), according to Northup and 
Van Liere,°® did not significantly alter the absorption of dextrose from 
the small intestine of the dog, although it did exert a significant 
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depressing action on the absorption of aminoacetic acid. This experiment 
suggests that possibly an oxidative process is directly involved in the 
absorption of aminoacetic acid. Driver®' studied the effect of hexyl- 
resorcinol and other agents on the absorption of sugars, chloride and 
sulfate from the alimentary tract. His results indicate that hexylresorcinol 
and ammonium thiocyanate inhibit the activity of carbonic anhydrase in 
vitro and that both lower the absorption of chloride from the alimentary 
tract. He believes that there is a special mechanism for at least a part 
of chloride absorption and that carbonic anhydrase may be involved, 
along with a structural arrangement favorable for the absorption of the 
ion. The absorption of sulfate likewise is probably partly dependent on 
some biologic agent. Peters observed that the intestinal absorption 
of chloride, water and sulfate was appreciably diminished by the admin- 
istration of bile salts, which in some instances actually produced a transfer 
of chloride and water toward the intestinal lumen. Werch and Ivy 
concluded that a negligible amount, if any, of galacturonic acid is absorbed 
from either the small or the large intestine of dogs or from that of 
human beings. 

One aspect of the absorption of undigested protein from the intes- 
tinal tract is presented by Harten, Livingston and Walzer.°° Their 
studies have a particular bearing on the question of food allergy. 
A cutaneous site on a rhesus monkey was sensitized by the intracutaneous 
injection of human serum containing skin-sensitizing antibodies. After 
an interval of twenty-four to forty-eight hours to permit fixation of 
the antibodies at the cutaneous site, the specifically related antigen was 
administered orally. The lighting up of the sensitized cutaneous site 
with an urticarial reaction within a few minutes marked the entrance 
of unaltered protein into the circulation. The authors believe that 
experimental evidence now exists which indicates that antigens may 
be absorbed from any part of the intestinal tract, though the rate of 
absorption may vary somewhat in different organs. The amount of anti- 
gen necessary to produce the allergic reaction has been shown to be 
infinitesimally small. The “absorption time” of the cottonseed protein 
utilized in these experiments was only two minutes from the stomach, 
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whereas the “absorption time” of the same protein from the esophagus 
was apparently ten minutes. 

The relation of the pn of intestinal contents to calcium and phos- 
phorus utilization was studied by Jones in rats. The data obtained 
tend to throw considerable doubt on the theory that an increase in intes- 
tinal acidity provides the basis by which fats beneficially influence calci- 
fication. Lard, oleic acid, and vitamin D all increased the acidit}'’ of the 
lower portion of the ileum and less consistently that of the cecum and the 
colon. All of these substances showed definite antirachitic activity. The 
administration of vitamin D produced the slightest lowering of pu but 
at the same time was associated with the greatest antirachitic action. 
Intestinal p^ was increased by the addition of aluminum sulfate to a 
stock diet but resulted in severe rickets. The addition of dibasic sulfate 
to a low phosphorus rachitogenic diet protected the animals against 
rickets without changing the p-a of the intestinal contents, whereas lactose 
produced as much acidity in the intestine as did lard but did not show 
2 Xiy antirachitic action. 

Studies on the absorption of propylene glycol were made by Van 
Winkle.®" He felt that the quantitative absorption of this substance by 
the digestive tract agreed in several respects with that demonstrated by 
other investigators previously for alcohol, phenol and iodide, except that 
the absorption of propylene glycol was more rapid and more complete. 

An inconclusive study by Webster on lead and arsenic absorption 
and excretion in man is of interest because it demonstrates the potential 
dangers incident to the use of lead arsenate in sprays. The observations 
were made on orchardists who ate varying numbers of sprayed apples 
daily. Analyses of samples of the fruit eaten showed a potential intake 
of 1 to 26 mg. of lead and 0.34 to 6.8 mg. of arsenic per person per day. 
Analyses of urine and stools showed that the largest part of the lead was 
eliminated in the feces, a finding in agreement with earlier experiments 
by Fairhall and Neal. In the present study the fecal output of arsenic 
equaled or exceeded the urinary output of arsenic in the majority of 
instances, although in the earlier experiments only traces of arsenic 
were regularly found in the feces. Two explanations were offered for 
this difference : ( 1 ) that the weathered spray residue may differ from 

pure lead arsenate in physical and chemical properties, and (2) that per- 
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sons having chronic exposure to compounds containing lead and arsenic 
may differ from persons with only acute exposure in their utilization and 
excretion of arsenic. Because of the frequent occurrence of such an 
exposure to toxic materials throughout the country, it is to be hoped that 
further studies will be carried out. 

Absorptive experiments by Melnick, Robinson and Field on the 
fate of thiamine in the digestive secretions are of interest. Optimum 
absorption of thiamine in part is related to the presence of food in the 
stomach, which permits the vitamin to be retained for a longer period in 
that organ, thus enabling direct absorption and avoiding subsequent 
destruction in the more alkaline medium occurring in the small intestine. 
Normal acidity of the gastric chyme reduces the pn of secretions in the 
duodenum, and this in turn again decreases the possibility of the destruc- 
tion of the vitamin Bi by the alkaline bile and pancreatic juice. An 
important corollary of the fact that thiamine is stable in normal gastric 
juice is that the oral administration of thiamine in conjunction with 
antacids is contraindicated if optimum utilization of the vitamin is 
desired. Studies on the absorption of thiamine from the intestine of rats 
have been carried out by Stockholm, Althausen and Borson.®® Their 
observations seemed to indicate that phosphorylation does not play a 
dominant part in determining the rate of intestinal absorption of thia- 
mine and that thyroxin does not have, a stimulating effect on the rate 
of enzyme formation of the pyrophosphate ester. It would seem that the 
absorption of thiamine in the intestine probably takes place by means of 
simple diffusion and is roughly proportional to its concentration in the 
intestine. 

clinical aspects 

Mouth . — The incidence of chronic ulcerative lesions of the mouth 
has been carefully investigated in a large American clinic by Keyes,®® 
who reports a study of 2,077 oral lesions. Of these, only 1 in 4 was 
benign. Of the 1,561 malignant lesions, all but 38 were squamous cell 
carcinomas, 1 instance of which was encountered in a boy aged 19. As 
a rule, the malignant lesions occurred in patients over 60 years of age in 
association with bad dental conditions or gingivitis or in edentulous old 
men who chewed tobacco or smoked a great deal. Leukoplakia com- 
monly accompanied cancer of the buccal mucosa and was prone to occur 
within the cheek on the side in which the chewing tobacco was held. 
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Of the benign lesions, nearly one-third consisted in degenerative or 
inflammator}'- lesions. Little attention is paid, however, in this report 
to the occurrence of oral lesions secondary to vitamin deficiencies. The 
frequency with which the last-named type of lesion may be observed is 
of real clinical importance, not only because adequate therapy, as a rule, 
is entirely successful in relieving associated symptoms, but because it 
commonly suggests the presence of an underlying deficiency condition 
which might otherwise be missed. Rosenblum and Jolliffe present an 
excellent summary of the oral manifestations of vitamin deficiencies, 
pointing out the various primary and contributory causes of such lesions. 
This paper constitutes an excellent resume of present knowledge of 
buccal deficiency disease and is further enhanced by illuminating com- 
ments by Mackie. Further attention to oral lesions associated with 
dietary deficiencies appears in an article by Chapman and Harris,®® who 
point out the importance of such deficiencies in conditioning inflamma- 
tory processes in the mouth. In monkeys maintained on certain vitamin- 
deficient diets there was noted a consistent tendency to oral lesions 
accompanied by an increase in the fusospirochetal flora. Furthermore, 
such animals maintained on an adequate stock diet tended to resist 
artificial implants of fusospirochetal flora under the severest of test 
conditions. 

Damianovich and Ravizzoli add further information in an article 
on stomatitis aphthosa. Nicotinic acid therapy proved highly successful 
in the treatment of a group of children presenting this condition. Bene- 
ficial results were obtained after the first few doses of nicotinic acid, and 
a cure was usually accomplished in three days, with rapid epitheliza- 
tion of the lesions. Gingivitis proved more refractory. The suggestion 
that infection of the mouth with organisms other than Vincent’s may 
be associated with nicotinic acid deficency is also postulated by Walton 
and his associates.’’® Although such observations are by no means new, 
it is still not too generally recognized that avitaminosis frequently under- 
lies the occurrence of annoying and at times serious buccal lesions. 

Esophagus . — Passing comment is warranted on several articles on 
esophageal diseases, although nothing new has appeared in the literature 
of the past year. Clinical observations on the symptoms and signs asso- 
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dated with stenosis of the upper portion of the esophagus are presented 
in a rather interesting fashion by Camiel and Loewe.'^ On physical 
examination more than one third of a small group of patients showed 
definitely dubbed fingers, probably secondar}’’ to aspiration of ingesta 
into the trachea or the bronchial tree. The authors suggest that the 
appearance of pulmonary lesions, paralysis of the vocal cords or clubbed 
fingers in the absence of a known primary source should point strongly 
to the possibility of disease of the upper portion of the esophagus. 

Adverse comment is warranted on a report by Mitchell of a case of 
achalasia of the esophagus. In this instance the condition was satisfac- 
torily relieved by esophagogastrostomy. No mention is made of careful 
bouginage, however, and it would seem reasonable to suggest that in 
such cases this measure should always be attempted before resorting to 
such a serious surgical procedure as that reported by the author. That 
such conservatism in therapeusis is entirely warranted is indicated by 
a careful record of Kara and Rosenvold.'^^ In this instance complete 
cicatricial atresia of the esophagus of six years’ duration was successfully 
treated, after a temporary gastrostomy, by peroral esophagoscopy with 
dilatation. Such procedure is well established and whenever possible 
should be the therapy of choice. 

Fibrosis of the esophagus with subsequent narrowing is thoroughly 
discussed by Mosher in a paper based on an examination of 100 
autopsy specimens. The article is of particular interest because of the 
percentage of carefully examined material. The role of infection due 
to local or distant sources is discussed, and certain points of interest are 
brought out. Thrombosed veins, periesophageal abscesses and similar 
conditions are considered, and an explanation is offered for the so-called 
“spasm” of the pylorus that is noted at birth. The author cites 3 cases 
in which at birth both the pyloric and the cardiac end of the stomach 
was narrowed. Although one cannot easily accept the author’s ideas 
of prenatal infection, the pathologic material presented is of real clinical 
interest. An experimental study by Strong and Smith is of importance 
in this connection. Experiments were carried out on a strain of mice in 
which there was practically no evidence of an inflammatory, parasitic 
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or neoblastic condition. Esophageal stenosis with proximal dilatation 
appeared several times in closely related individuals of this strain, and 
there seemed little doubt that a certain localized hyperplasia of the eso- 
phageal epithelium with active keratosis was probably the cause of the 
narrowing. These lesions were not observed at birth. 

Cancer of the esophagus still presents a diagnostic and therapeutic 
challenge. The wisdom of more frequent and earlier esophagoscopic 
examination is properly stressed by Lindsay as an early diagnostic 
procedure. To this suggestion should be added the fact that more than 
one esophagoscopic examination may be needed in some cases before 
biopsy material has been obtained that is adequate for diagnosis. This 
is due to the fact that the inflammatory involvement of the esophagus 
above the carcinomatous area frequently prevents adequate examination 
until skilful bouginage and dilatation have been performed, with resulting 
better exposure of the lesion. The results of surgical procedures are 
still unsatisfactory. An adequate summary of the present status of sur- 
gical treatment of esophageal cancer is presented by Sweet and is of 
particular interest because of its complete discussion of the various 
methods that are at present available, including various types of gastros- 
tomy and reconstruction operations. He states that the Beck-Jianu 
operation in the reconstruction of an external esophagus after resection 
in certain favorable cases of cancer of the esophagus has been tried in 
several instances, with satisfaction. 

An unusual cause of esophageal obstruction is that reported by Gross 
and Freedman,'^® who record an instance of an occluding secondary car- 
cinomatous tumor of the esophagus metastatic from clinically silent pros- 
tatic carcinoma. 

Diaphragmatic Hernia . — Unusual manifestations of diaphragmatic 
hernias are recorded by Harrington and Colmers.®® In the 4 cases 
reported by Harrington, a complete hernial sac projected into the right 
thoracic cavity and, unlike most herniations on the right side, there was 
no history of previous trauma. In one of the 4 cases, in addition to a 
subcostosternal hernia, a second esophageal hiatus hernia was present. 
In 2 instances the hernial contents included omentum and bowel, and the 
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patients presented the usual symptoms of intermittent digestive distur- 
bances and partial intestinal obstruction. In the other 2 cases, however, 
only omentum was contained in the hernial sac, and in the absence of 
typical symptoms a preoperative diagnosis of a malignant lesion was 
made. Operative procedures were successful in all 4 cases. The dis- 
cussion in Colmers’ report is of interest particularly in relation to the 
time of development of a parasternal diaphragmatic hernia on the right 
side. Because of the late development of symptoms and histologic 
changes in the adjacent pulmonary tissue, the author believes that the 
hernia was acquired in later life. 

A study of the symptoms associated with small hiatus hernias is 
presented by Jones, with special reference to the clinical differences 
between these small lesions, frequently recognized with difficulty by the 
roentgenologist, and the much larger herniations recorded in the earlier 
literature. Unlike many writers, the author believes that extremely 
small hernias may in certain instances form the basis of acute symptoms, 
which not infrequently are almost indistinguishable from those associated 
with coronary heart disease. A careful statistical analysis of symptoms 
observed in a group of private patients with relatively small hernias 
forms the basis of this report. That large hernias may at times cause 
symptoms simulating cardiac disease has long been recognized, but as a 
rule the symptoms are not those of angina pectoris. The source of such 
symptoms in larger hernias is almost certainly associated with mediastinal 
displacement with cardiac embarrassment. An excellent report is that 
of McGinn and Spear.®- These authors record a case of diaphragmatic 
hernia in an 81 year old woman with postmortem observations. The 
clinical symptoms were those of acute cor pulmonale with marked cyano- 
sis, dyspnea and electrocardiographic abnormalities. Compression of the 
lungs by an increase in the amount of stomach herniating through the 
diaphragm caused an acute strain on the right side of the heart. The exact 
mechanism involved in the production of anginal symptoms by lesions 
of the esophagus, stomach or gallbladder is still not thoroughly under- 
stood. Numerous attempts to elucidate the problem have been recorded 
in the literature since von Bergman’s studies in 1932. Consideration 
of the various possibilities are to be found in the article by Jones {vide 
supra) and in one by Andrews®® on cardiovascular disturbances in 
gastrointestinal diseases. 
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Gastritis and Gastroscopy. — As was to be expected since the intro- 
duction of the flexible gastroscope, the number of articles devoted to a 
consideration of gastritis and allied conditions has steadily increased. 
Much of the literature is still inconclusive or contradictory, but there is 
evidence of a widespread and earnest attempt completely to reevaluate 
the clinical and the experimental use of gastroscopy and the true clinical 
significance of gastritis. 

Pathologic changes occurring in nutritional gastritis in rats are 
recorded b}'- Berg.®^ The observations were carefully controlled, and it 
was found that in those animals placed on inadequate diets, gastritis could 
be produced in a relatively short time, with involvement of the antrum 
and the rumen separately or together. The pathologic changes in the 
mucosa of the antrum and those in the mucosa of the rumen were essen- 
tially similar and consisted in ulcerations in areas of epithelial hyperplasia 
that tended to undergo spontaneous healing. Recurrent necrosis and 
hemorrhage appeared to develop in healing defects and to lead to chronic 
changes. The fundus was relatively free of lesions, but those noted were 
essentially hemorrhagic erosions. Although such changes cannot be 
compared with certainty to those observed in deficiency disease in human 
beings, they should cause serious consideration as regards some of the 
potential factors in the causation of gastritis. 

One of the obvious needs in a study of clinical gastritis as observed 
gastroscopically at the present time is a correlation between the gastro- 
scopic findings and the results of histologic examination of biopsy speci- 
mens of the stomach obtained either at operation or at gastroscopy. 
Such studies are beginning to appear. Swalm and Morrison compared 
gastroscopic and histologic observations of the stomach in patients with 
gastric and with extragastric disease during life and at autopsy and 
found that "there was agreement between the two in about half of a 
small series of cases. In one fourth of the cases there was complete dis- 
agreement, and in a similar number there was only questionable con- 
formity. These authors conclude that the gastroscopic appearance of 
severe gastritis is usually verified by histologic examination, but they 
point out the important fact that the gastroscopic appearance of a mild 
or moderate degree of gastritis or of a normal stomach may be contra- 
dicted by the histologic examination of a biopsy specimen. A somewhat 
similar study on a slightly larger group has recently been carried out by 

84. Berg', B. N. : Pathological Changes in Nutritional Gastritis in Rats, Am. 

J. Path. 18:49, 1942. 

85. Swalm, W. A., and Morrison, L. M. : Gastroscopic and Histologic Studies 
of the Stomach with Gastric and Extra-Gastric Disease During Life and at 
Autopsy, Am. J. Digest. Dis. 8:391, 1941. 



JONES— GASTROENTEROLOGY 


613 


Benedict and Mallory,®® in which specimens of stomach obtained at the 
time of gastric resection were subjected to careful microscopic investiga- 
tion and the findings compared with the initial gastroscopic diagnoses. 
As in the work done by Swalm and Morrison, a good correlation was 
observed in those cases in which definite gastritis by gastroscopy was 
shown, but a definite lack of correlation was observed in some important 
instances. As a rule, it is probably safe to conclude that gross gastric 
changes noted by experienced gastroscopists will be found to correspond 
fairly closely to histologic changes typical of the various forms of gas- 
tritis. It is obvious, however, that minor changes in the gastroscopic 
picture must be classified with great care, and it is particularly impor- 
tant that such changes are not overemphasized in order to explain symp- 
toms and to form the basis of therapy. 

It is still essential to indicate the necessity for continued skepticism 
in order to arrive at a rational conclusion as to the clinical importance 
of gastritis as diagnosed by gastroscopy. Howard and Martin ®’’ stress 
such a point of view in a careful review of the gastritis problem and refer 
to Schindler’s statement that only about one fifth of the stomachs exam- 
ined by him are normal, which probably tends to overemphasize greatly 
the actual incidence of true gastritis. They, like Ruffin and others, cor- 
rectly urge the accumulation of further data before final conclusions are 
attempted regarding the incidence or morbidity of various forms of 
gastritis. They stress the need for adequate gastroscopic studies on 
psychoneurotic subjects, with or without gastric symptoms. Such a 
suggestion is of prime importance, and one must again refer to the orig- 
inal observations recorded by Beaumont on the striking changes in the 
gastric mucosa following emotional upsets and to the recent experiments 
made by Wolff and Wolf.^ In my opinion it would seem highly probable 
that profound and fairly lasting mucosal changes could be observed 
during acute or more prolonged states of emotional tension which could 
easily mimic many of the changes now diagnosed as being due to gas- 
tritis. Such a concept is stressed, for example, by Kutschera- 
Aichbergen ®® in an excellent review of the problem. In common with 
other writers he indicates the important fact that frequently gastroscopic 
changes are demonstrated which may in no way be associated with 
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clinical symptoms and which, therefore, must be carefully evaluated 
before initiating an intricate and frequently expensive course of treat- 
ment and one which, in addition, may be ill advised. 

In an attempt to estimate the symptomatolog}'- incident to various 
forms of gastritis, McClure, Sweetsir and Jankelson make certain 
interesting points. Of 68 patients showing hypertrophic or atrophic 
gastritis, in nearly two-fifths the associated symptoms could be attributed 
to a coexisting ulcer or cholecystic disease. In the remainder mild or 
severe epigastric discomfort was noted. Unlike the experience recorded 
by many observers, these authors state that the epigastric pain was 
invariably related to the time of taking food and was relieved by the 
ingestion of food or alkali. In the absence of peptic ulcer such a mani- 
festation of symptoms is certainly unusual, to say the least, and is not 
to be taken as characteristic. The frequent occurrence of fatigue noted 
by these authors in association with the atrophic type of gastritis is of 
interest and would certainly raise the suspicion of associated nutritional 
disturbances, possibly in relation to true deficiency disease. 

A further investigation of the significance of achlorhydria with par- 
ticular reference to gastroscopic observations has been made by Carey 
and his associates.®® Although the authors are careful not to draw con- 
clusions, their observations on a large group of patients (233 patients 
with gastric achlorhydria) are of extreme interest. Perusal of the article 
would seem to justify the suggestion that the term atrophic gastritis is 
frequently a misnomer, inasmuch as it implies an inflammatory process 
rather than a degenerative one or one incident to a generalized deficiency 
state. In a large number of Carey’s patients various manifestations of 
deficiency disease were carefully noted, and it is highly probable that the 
gastric changes were simply reflections of a general underlying condition. 
Extremely careful observations were made on a group of patients with 
pernicious anemia, and it was noted that the mucosal atrophy was in the 
body of the stomach and that the antral region was not perceptibly 
involved. Although the authors state that this is not consistent with 
Meulengracht’s work on the “pyloric gland organ,’’ reference to Fox 
and Castle’s recent article would indicate that not only are the observa- 
tions entirely correct but they fit in with a proper concept of the 
expected site of the lesion in pernicious anemia in human beings, 
Meulengracht’s work being based on observations made on the hog 
stomach. These authors, in company with others already cited, feel that 
the subject of gastritis has to be further investigated to obtain a com- 
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plete correlation between gastroscopic data, histologic data on resected 
or biopsy material and clinical evidence of disease. 

The role of chronic alcoholism in the production of chronic gastritis 
is still in the realm of speculation. As Berry points out, evidence 
from the literature on attempts to produce chronic alcoholic gastritis is 
inconclusive. Pathologists have not supplied any evidence in the litera- 
ture of unequivocal chronic gastritis due to alcohol. Berry cites one 
well controlled observation made by Hirsch in 1916 who demonstrated 
frequent gross and microscopic petechiae or ecchymotic hemorrhages 
but no true inflammatory reaction. No previous gastroscopic study of 
alcoholic addicts has appeared in the American literature. In the 
author’s opinion, in the one report in the foreign literature, on 45 
patients, the extensive atrophic gastritis described was probably not due 
to alcohol directly. Berry carried out gastroscopic studies on 100 
patients with unquestionable chronic alcoholism. All were ambulatory, 
and none had an enlarged or painful liver or ascites. Sixteen came to 
the clinic because of some type of digestive distress, while the remain- 
ing 84 did not seek medical help but were induced to come to the clinic 
for this study. In this group of patients, one-third showed no evidence 
of gastritis, a second third showed mild chronic superficial gastritis and 
a final third showed unequivocal chronic gastritis. These observations 
are timely and certainly present substantial evidence that chronic alco- 
holism may be associated with chronic inflammatory changes in the gas- 
tric mucosa. Although the observations are of extreme interest, they still 
fail to prove the point, however, as to the cause of the condition. It may 
well be that, as in cirrhosis, one must carefully diflFerentiate between 
cause and associated factors. It is entirely within the realm of possibility 
that in persons chronically addicted to alcohol, changes in the gastric 
mucosa develop partly because of the stimulating or irritating effect of 
alcohol and partly because of associated dietary indiscretions, or more 
probably, deficiencies based on the substitution of alcohol for food. The 
subject is still sub jtidice and will warrant further careful observations. 
In spite of failure to present absolute proof of the etiologic role played by 
alcohol in the production of chronic gastritis, there can be little doubt 
from these observations and clinical experiences that chronic addiction 
to alcohol carries in its train serious consequences, among which is the 
frequent occurrence of chronic gastric disease. An entirely comparable 
report on an equal number of subjects is presented by Gray and 

91. Berry, L. H.: Chronic Alcoholic Gastritis: Evaluation of the Concept, 
with Gastroscopic Studies in One Hundred Cases, J \ M. A 117 •22^'^' 
(Dec. 27) 1941. ’ ' 



616 


ARCHIVES OF INTERNAL MEDICINE 


Schindler. The 100 men who were examined had consumed an average 
of 2.8 pints (1.3 liters) of alcohol daily for more than twenty years, 
yet gastroscopic examination revealed that approximately half the sub- 
jects did not give evidence of any important gastric abnormalities. In 
45 per cent the gastric alterations consisted merely in superficial gas- 
tritis, atrophic gastritis or a combination of the two. Gastrointestinal 
complaints occurred in about two thirds of those showing severe grades 
of gastritis, whereas only 7 per cent of the addicts with normal-appearing 
stomachs experienced “indigestion.” No correlation was observed 
between the incidence and severity of gastritis and the duration of alco- 
holism, the amount of alcohol consumed, the abuse of nicotine, dental 
infection or Autamin deficiencies. It is obvious that the question is still 
open. 

Certain unusual gastroscopic observations are worthy of mention. 
Einsel reports a case of superficial ulcerative gastritis following heavy 
antisyphilitic therapy. Because of gastric distress and nausea trypars- 
amide treatment was stopped, and two weeks later roentgen and gastro- 
scopic examination showed superficial erosions of the gastric mucosa. 
SeA^en months later a second gastroscopic examination revealed that the 
gastric mucosa Avas entirely normal, except for some possible transient 
changes secondary to the recent administration of acetylsalicylic acid. 

It is not surprising that advanced pulmonary tuberculosis may be asso- 
ciated with various gastrointestinal abnormalities. Hardt and his asso- 
ciates made a gastroscopic study of 150 patients with late pulmonary 
disease due to tubercle bacilli. Approximately one-third showed atrophic 
changes similar to those classified as atrophic gastritis, and in addition, 
at times there Avas a coincidence of superficial lesions with marked 
hyperemia and mucosal edema, as well as CAudence of local atrophy. The 
authors conclude, probably correctly, that the hyperemic, edematous 
stage represents an earlier lesion. In all probability, the gastritis is non- 
specific as far as tuberculosis is concerned, but it is unfortunate that no 
associated histologic studies Avere performed. 

That gastritis alone may be the sole cause of serious or CA^en fatal 
hemorrhage is noAv firmty established. A further report on this particu- 
lar aspect of the problem of gastritis is presented by Benedict.®*' It 
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includes proof from autopsy and from surgical material, as well as from 
numerous gastroscopies, in over 2(X) cases of gastritis studied during a 
particular period. Bleeding occurred in one fifth of the cases, irrespec- 
tive of the type of gastritis. Study of an additional group of cases of 
ulcer yielded data in keeping with those presented by other observers, 
that at times gross hemorrhage may occur from the associated gastritis 
rather than from the local ulcer. It is of interest that careful roentgen 
examination suggested gastritis in only 20 per cent of the cases in which 
gross hemorrhage was due to gastritis alone. 

The cause for the divergence between the roentgen and the gastro- 
scopic diagnosis of gastritis is well expressed by Berridge.°® He rightly 
points out that the roentgenologist examines the gastric mucosa in a 
definite state, that of resting relief, whereas the gastroscopist employs an 
inconstant amount of distention. The article bears the imprint of a 
certain amount of defense reaction but is nevertheless of interest. The 
supplementary roles of the roentgenologist and the gastroscopist are well 
outlined by Davidson and Rose,®" who compare the respective data from 
600 gastroscopic investigations, 226 of which were checked by roentgen 
examination. According to these authors, roentgen investigation may 
give more information than gastroscopy in the following conditions: 
lesions on the lesser curvature of the pyloric antrum; estimation of the 
size of an antral cancer ; lesions on the greater curvature, and lesions in 
the distal pouch of an hourglass stomach. Per contra, they point out 
that the early and accurate recognition of primary neoplasm in gastric 
ulcer belongs to the field of gastroscopy. Such an article is reasonably 
critical of the two fields of investigation and provides a basis for adequate 
and advantageous cooperation between the services involved. 

It is still unfortunately true that adequate gastroscopic examination 
is frequently missing in cases in which the presence of a neoplastic lesion 
of the stomach has been suspected but not proved by roentgen examina- 
tion. This is well illustrated in an article by Myhre,®® who presents an 
adequate description of the significance of large niches in the stomach. 
In 23 instances surgical exploration had followed the roentgen examina- 
tion, but it is of interest to note that of the large craters encountered in 
the 23 patients, only 9 were due to carcinoma and the other 14 were asso- 
ciated with benign ulcers. The average diameter of the benign niches 
was around 4 cm., in 1 individual case an ulcer crater 6.5 cm. in diameter 
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being noted. Those patients with malignant disease did not show any 
greater size of the craters. Such findings are important in demonstrating 
the need for accurate examination by an experienced gastroscopist as a 
supplement to careful roentgen study. There is little doubt that many of 
these operations could have been properly avoided and the gastric lesions 
permitted to heal under medical therapy had gastroscopy been performed. 
Obviously, the gastroscopist cannot always be the final arbiter in this 
difficult question, but in most instances, repeated careful observations 
will provide the necessary information in differentiating between a 
benign and a malignant lesion. 

Schindler contributes another careful series of observations on the 
appearance of the gastric mucosa in the presence of benign adenomas of 
the stomach. Thirty-six adenomatous polyps were observed in the 
course of 2,167 consecutive gastroscopies. The finding of associated 
atrophic gastritis occurred with sufficient frequency to lead him to the 
conclusion that an atrophic gastric mucosa has a seven times greater pre- 
disposition to the formation of such tumors than has a normal gastric 
mucosa. Here again, such a definite statement must be scrutinized 
rather carefully in the light of subsequent examinations, but the obser- 
vation is important and cannot be dismissed. 

The rarity of multiple polyps of the stomach is evidenced in a report 
by Giere.^°° In a review of over 34,000 autopsies at the University of 
Minnesota only 32 instances were encountered. He cites Stewart as 
reporting only 20 cases of multiple polyps in 11,000 autopsies, at the 
Leeds General Infirmary, and Carmen as encountering only 2 instances in 
50,000 roentgen examinations of the stomach. The author reports 1 
case, which again illustrates the importance of the correlation between 
gastroscopic and roentgen examination. In this particular case gastros- 
copy confirmed the roentgen evidence of polyps but gave additional 
information in that it disclosed the presence of polyps not seen on roent- 
gen examination, as well as erosions and evidence of atrophic gastritis. 

A rather interesting study is that made by Usher,^®^ who reports 
gastroscopic observations on 19 patients suffering from varying degrees 
of rosacea, with control studies on 15 patients with other types of derma- 
toses. Gastritis of varying degrees of severity was present in all except 
1 of the patients with rosacea, while of the patients with dermatoses of 
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varying types, only 4 showed any evidence of gastric alterations. No 
constant type of gastritis was ' noted in the patients with rosacea. 
Repeated gastrbscopic investigations in 2 patients during the course of 
treatment showed coincidental improvement both in the gastritis and in 
the rosacea, which is further evidence of the probable influence of defi- 
ciency conditions in causing gross gastric abnormalities. 

To those actually performing gastroscopies a modification of the 
Wolff-Schindler gastroscope reported by Ta 3 dor^°- may be of interest. 
One possible advantage of the instrument described is that the flexibility 
is controlled and, if desired, the instrument can be made completely 
flaccid. 

The report by Schiff and Shapiro on perforation of the stomach 
during the use of the flexible gastroscope is important for two reasons : 
First, it illustrates the potential hazard attaching to the use of the gastro- 
scope, and second, it emphasizes the extreme infrequency with which 
such accidents occur. It is important to note that there was no pain at 
the actual time of perforation, but the appearance of blood covering the 
instrument at once suggested what had occurred, and the subsequent 
appearance of abdominal “spasms” led to a correct diagnosis. Schindler 
has previously pointed out that the diagnosis of perforation of the stom- 
ach at gastroscopy may be made prior to the onset of pain if the stomach 
remains collapsed in spite of air inflation. A still more unusual accident 
secondary to gastroscopy is that described by Touroff,^°^ who reports a 
perforation of the cervical portion of the esophagus, due apparently to 
the dislodging of the flexible rubber bougie at the distal end of the 
apparatus. In this instance, the appearance of a small amount of blood 
in the patient’s mouth caused withdrawal of the instrument, which had 
been passed only about 6 inches (15 cm.) beyond the upper incisors, 
and it was noted on withdrawal that the rubber bougie was missing. 
Within a few minutes the patient complained of pain over the right side 
of the neck, and subsequent examination at operation revealed perfora- 
tion of the esophagus and the foreign body lying free in the periesoph- 
ageal tissue. Prompt operation resulted in a perfect recovery. Although 
the possibility of such serious accidents should not be overlooked, their 
rarity is disclosed in the results of a recent questionnaire circulated by 
Schindler (1940), which showed that only 10 serious accidents had 
occurred in a total of over 22,000 gastroscopic examinations. 
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Peptic Ulcer . — The ulcer problem continues to attract a proper 
amount of attention, both from the experimental side and from various 
therapeutic angles. Among other researches attempting to throw light 
on the causation of this troublesome condition the work of Necheles and 
Olson should be mentioned. These authors carried out an experi- 
mental investigation of gastrointestinal secretions and motility following 
burns and their relation to ulcer. The results of severe burns were 
studied in a series of dogs under anesthesia. Salivary, biliary and pan- 
creatic secretions were practically always diminished. In general, the 
volume of gastric secretion and the degree of acidity increased, and in 1 
animal studied a prepyloric ulcer was encountered. The increased 
volume of gastric secretion seemed to depend in part on infusions, and 
the increased acidity appeared to be related to the effect of infusions plus 
previous feeding. After peripheral burns a considerable increase in 
intra-abdominal pressure and gastric motility was observed. The change 
in gastric motility was particularly marked in the pyloric antrum and 
began immediately after a burn had been produced. This increase in 
motor activity was not altered by bilateral section of the splanchnic 
nerves or of the vagi or of both. In fact, vagal section seemed to enhance 
the gastric motor response to a burn, but the intravenous injection of 
atropine abolished the hypermotility. The relation of these results to 
Curling’s ulcer are fully discussed by the authors, who undoubtedly have 
contributed some important information to the causation of at least one 
type of peptic ulcer. 

The effect of local vascular changes in the stomach and the duodenum 
in relation to the ulcer problem has been approached by Berg,^®“ who in 
normal and in vagotomized dogs was able to produce motor abnormalities 
and scattered superficial gastric erosions after a single injection of 
pitressin. With frequent injections gastric lesions were induced in 
normal and in vagotomized animals, particularly in the latter. The 
lesions were extensive, and acute and hemorrhagic duodenitis was also 
encountered. In sympathectomized animals gastric lesions were not 
obtained. Microscopically, some of the ulcerated areas extended down 
to the muscularis. The performance of vagotomy and sympathectom}'^ 
without the use of pitressin did not result in ulcerating lesions. The 
relation between such results and peptic ulcer in human beings is, of 
course, inferential, but there can be no doubt that various factors which 
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in human beings produce transient or prolonged alterations in the mus- 
cular and the vascular activity of the stomach may well underlie the 
production and recurrence of peptic ulcer. It is highly probable that 
numerous factors play a role, including those that are neurogenic or 
hormonal in origin. 

In observations on cinchophen ulcer produced in dogs Slutzlcy, 
Wilhelmj and Stoner administered chorionic gonadotropin and pos- 
terior pituitary extract to two separate groups of animals. All the animals 
died from perforation of the ulcer resulting in peritonitis. There was no 
evidence of healing. It is of interest, however, that those animals treated 
with posterior pituitary extract revealed a marked inhibition of gastric 
acid secretion. These animals probably survived somewhat longer than 
the others, but the action of the pituitary extract did not prevent the 
occurrence of gastric ulceration and was probably an indirect action 
secondary to vasoconstriction. 

The contribution of gastric acid to the formation of ulcer in the 
jejunum and the duodenum has long been recognized, although the 
exact mode of its activity is still not fully understood. Schiffrin and 
Warren obtained what would seem to be an entirely logical series of 
results in cats in which various segments of the small bowel were per- 
fused with solutions of hydrochloric acid alone and hydrochloric acid 
combined with pepsin. Severe ulceration resulted, and it was found that 
the threshold of peptic activity necessary for ulceration of the jejunum 
was within the range of that in normal canine gastric juice. Maximum 
ulceration occurred with pepsin when it was employed in a medium hav- 
ing a pn within the optimum range for peptic digestion. The experi- 
ments throw no light on whether the proteolytic activity of gastric juice 
is an etiologic factor or an accessory factor in the production of peptic 
ulcer in human beings. 

Recent advances in knowledge of the hormonal control of gastric 
secretion have already been discussed. The possible therapeutic value 
of a gastric secretory depressant occurring in .the urine of certain per- 
sons has been studied by Sandweiss and his collaborators.’^®® The urine 
of pregnant women and of normal nonpregnant women has been found to 
contain a principle capable of benefiting Mann-Williamson ulcers in dogs. 
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Experiments with extracts derived from the urine of normal men are 
incomplete. The urine of patients with ulcer contains much less of this 
inhibitory principle, and when an extract was administered in small doses, 
as has been already noted in animals, it produced a negligible inhibitory 
effect on gastric secretion, but in Mann-Williamson dogs it appeared to 
influence healing in some manner through stimulation of fibroblastic and 
epithelial proliferation and the formation of new blood vessels. With the 
extract at present available, it was found that when small doses were given 
intravenously or large doses administered subcutaneously, inhibition of 
gastric secretion was obtained. Sandweiss has demonstrated that subcu- 
taneous injection of large doses of urine extract in patients with duodenal 
ulcer tends to inhibit the volume of gastric secretion and the total output 
of free acid after stimulation with histamine. The concentration of free 
acid was unaffected. Although the author hesitates to draw premature 
conclusions, it appears from the studies that urine extract therapy gave 
encouraging results in a series of 63 patients with chronic duodenal ulcer. 
It did not prevent recurrences, but he felt that a higher percentage of 
remissions resulted during treatment with the urine extract than was 
obtained with the usual dietary regimens or with other parenterally 
administered products. As has been evident in all his previous publica- 
tions, Sandweiss is extremely conservative in attempting to evaluate the 
results of parenteral therapy, but from his observations it would seem 
reasonable to hope that a combination of the usual orthodox therapeutic 
measures plus urine extract therapy may produce more encouraging and 
more lasting results in the treatment of peptic ulcer. 

Indirect evidence of an altered response in patients with ulcer to the 
normal inhibition of gastric acidity following the entrance of acid chyme 
into the duodenum is obtained from the studies of Shay and his collabo- 
rators.^^® In normal persons they demonstrated a depression of gastric 
acid secretion following the instillation into the duodenum of optimal 
amounts of free hydrochloric acid. Similar studies carried out in patients 
with duodenal ulcer after the intraduodenal instillation of even greater 
amounts of acid failed to elicit a normal inhibitory response in regard to 
gastric secretion. Such results would seem to be additional confirmation 
of the mode of action of enterogastrone or some similar substance. 

An interesting note on the incidence of peptic ulceration is to be 
found in the report by Gordon and Manning,^^^ who examined the 
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results of nearly 30,000 autopsies performed in the Philadelphia General 
Hospital over a seventeen year period. In this series peptic ulceration 
was encountered in 548 autopsies or 2.75 per cent, with no racial differ- 
ence in incidence between white persons and Negroes. Males showed 
ulcerations only twice as frequentl)'^ as females. Peaks in the incidence 
of the lesions appeared to be in the fifth and the seventh decade. Such 
a finding is of interest, though taken by itself it is difficult to interpret, 
inasmuch as it may not reflect the clinical incidence of ulcer in living 
patients. For comparative purposes the report by McMullen should 
be added. Of a total of 4,400 patients subjected to roentgen examination 
of the gastrointestinal tract, 20 per cent were found to have peptic ulcer. 
As might have been predicted, duodenal ulcer occurred about four times 
as often as gastric ulcer and was slightly more common in men than in 
women. In this group of patients the peaks of incidence of gastric and 
of duodenal ulcer among women occurred in the fifth and the fourth 
decade, respectively, and similarly, the greatest incidence of gastric and 
of duodenal ulcer among men occurred in the sixth and the fifth decade, 
respectively. 

Duodenal ulcer in children is undoubtedly overlooked because of its 
infrequent occurrence. A relatively small number of authenticated cases 
of ulcer in the early years of life have been reported in the literature. 
In recent 3 'ears the diagnosis has been somewhat more frequently estab- 
lished, and the report of Willingham is worthy of comment. In this 
instance, duodenal ulcer was eventually recognized in a 6 year old boy, 
for whom this diagnosis had not been considered until he vomited blood. 
The author correctly points out the need for more careful roentgen 
investigation of gastrointestinal complaints in children. Bird, Limper 
and Mayer in a review of the literature noted 1 18 cases in which 
operations were performed for peptic ulceration in infants and children. 
They report 1 case in which operation was performed within thirty- 
four and a half hours after birth for a perforated duodenal ulcer, with a 
satisfactor)’- outcome. 

Because of the frequency with which digestive symptoms occur in the 
presence of heart disease, Walsh and his collaborators made a statis- 
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tical study of the necropsy protocols of a large group of patients who 
died at the age of 20 or more years. Of 2,737 patients, nearly one fifth 
had atherosclerosis of the coronary vessels and one sixth of the entire 
group showed structurally abnormal gallbladders. There were 122 
instances of coronary disease and disease of the gallbladder occurring in 
the same person. Peptic ulceration was encountered in a little over 
5 per cent of patients. It was evident from the protocols that disease of 
the gallbladder occurred almost twice as often in patients with coronary 
disease as in those with normal coronary arteries, but there was no evi- 
dence of any similar association between arterial disease and peptic 
ulceration. The last-named association is probably coincidental. In 
this connection a comment is warranted on the report by Hochrein and 
Schleicher,^^® who believe that there is a close relation between peptic 
ulcer and coronary insufficiency. These authors have attempted to prove 
their point on the basis of clinical impressions and electrocardiographic 
studies on 100 patients with ulcer and with or without symptoms of 
cardiac disease. The studies are far from convincing, however, and are 
not borne out by the statistical data presented in the preceding paper. 
Neurocirculatory disturbances are certainly not uncommon in patients 
with ulcer, and it should be pointed out at the same time that by far the 
great majority of patients with ulcer have a tendency toward hypotension, 
rather than hypertension, and in my opinion, have relatively few symp- 
toms suggestive of coronary heart disease. Hochrein and Schleicher 
illustrate their point by referring to the gastrocardiac disturbances fre- 
quently associated with hiatus hernia, a condition in no way comparable 
to ulcer inasmuch as it occurs in an entirely different type of person, 
in whom cholelithiasis and changes in the coronary arteries are common. 
The article is quite unconvincing but is of interest because of the questions 
that it raises, particularly in relation to the similarity between symptoms 
arising from cardiovascular disease and those due to disturbances in the 
digestive tract. 

It has previously been pointed out (Blackford and others) that 
at 3 'pical histories of ulcer occur with sufficient frequency to warrant 
serious consideration in cases of doubtful disease of the digestive tract. 
Of equal importance is the fact that occasionally patients with ulcer may 
have absolutely no symptoms until serious accidents occur, such as 
perforation or hemorrhage. Norfleet comments on such an occurrence, 
citing individual cases, and in this regard it is pertinent to mention that 
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evidence is accumulating that a higher threshold of pain may be a not 
uncommon phenomenon in patients with ulcer. A duodenal ulcer, for 
example, may be activated and may progress rapidly without the patient 
being aware of painful or uncomfortable sensations, thereby clouding the 
diagnosis or postponing a diagnosis until a serious complication occurs. 

Therapeutic measures directed toward the healing of ulcer present 
little modification over those noted in previous years, except for the 
as yet untried benefits of preparations of urogastrone or enterogastrone. 
Antacid therapy still occupies an important place in the literature, and 
it is of interest to note the insistence on the various means of obtaining 
control of gastric h)^peracidity that are still advocated. Smith,^^® for 
example, believes that continuous intragastric drip provides the only 
means of constantly maintaining a low acid level with the use of milk 
and (or) aluminum hydroxide. The mechanical difficulties encountered 
in the use of aluminum hydroxide drip therapy are noted by Drum- 
heller,^^® who has devised a rather complicated mechanical means of 
insuring a constant steady flow of this bland material. The principles 
of tube therapy are far from new, although the material introduced into 
the drip apparatus have been modified from time to time. Secher is 
another warm advocate of an inlying tube for the treatment of peptic 
ulcer, using a mixture of various bland foods to maintain a good state of 
nutrition. The results, however, would seem to be no better than those 
obtained by simpler methods, and it would seem that in many instances 
the annoyance of an inlying tube could be avoided without prolongation 
of the hospital stay for patients with ulcer or without unsatisfactory end 
results as far as healing is concerned. It would seem that the indications 
for tube therapy are few and that it should be employed only in selected 
cases in which other simpler methods have failed to be effective. 

Compounds containing bismuth have been used intermittently for 
years in the treatment of gastric disease, and the report of Alstead is 
therefore of interest. He believes that in therapeutic doses bismuth 
carbonate offers little protection to the gastric mucosa and frequently 
tends to collect in dependent portions without actually protecting the 
ulcerating areas. He concludes that in gastrointestinal disease bismuth 
carbonate is no more valuable than powdered milk or lactose in the relief 
of pain. 

118. Smith, W. E. ; The Control of Gastric Hyperacidity in Peptic Ulcer, 
Brit. M. J. 2:13, 1941. 

119. Drumheller, G. H. : Problems Encountered in the Use of Aluminum 
Hydroxide Gel by Naso-Gastric Drip in the Treatment of Peptic Ulcer, Am. J. 
Digest. Dis. 8:443, 1941. 

120. Secher, K. : Tube Treatment of Chronic Gastric and Duodenal Ulcers, 
Acta med. Scandinav. 106 : 1 , 1941. 

121. Alstead, S. : Action of Bismuth Carbonate in Gastric Disease, Lancet 
2:420, 1941. 



626 


ARCHIVES Of INTERNAL MEDICINE 


The troubled question of alkalosis complicating alkali therapy of 
peptic ulcer is thoroughly studied by Kirsner and Palmer/-- who are 
consistent and enthusiastic advocates of this form of therapy. The 
occurrence of alkalosis on one or more occasions in 111 patients with 
peptic ulcer treated by the Sippy regimen is carefully analyzed, and the 
symptomatology and chemical changes noted. Alkalosis was not a direct 
function of the quantity of alkali received, and there was no constant 
relation between the severity of symptoms and the degree of chemical 
alkalosis. It is of some interest that bleeding occurred in 60 of 135 
episodes of alkalosis, but there seemed to be no correlation between the 
frequency of alkalosis and the severity of the bleeding. Such, a high 
frequency of hemorrhage in alkalotic episodes suggests the possibility 
that sudden massive loss of blood may be associated with an alteration 
in renal blood flow sufficient to be an important factor in the production 
of alkalosis. Disease of the genitourinary tract was demonstrated in only 
16 patients. Another precipitating factor suggested by the authors was 
excessive loss of gastric juice, either by vomiting or by therapeutic aspira- 
tion. The important fact is noted that it was not necessary to discontinue 
alkali therapy or to administer additional chloride in 51 of the 135 
episodes. In the remaining episodes, however, treatment was modified 
by a change in the antacid employed, by discontinuance of the alkali or by 
parenteral administration of fluids and sodium chloride. The effect of 
prolonged alkali therapy on renal function was studied in half the patients, 
and it was observed that renal function was not permanently decreased 
by prolonged administration of alkali. Such a study is of value because 
of the completeness with which this particular phase of antacid therapy is 
reviewed. Whether antacids are necessary in the successful handling 
of most peptic ulcers is still a matter of individual experience and opinion, 
although there can be no doubt that such treatment represents a valuable 
and most important contribution to the efiFective management of many 
ulcer problems. The successful treatment of peptic ulcer without alkalis 
is discussed by Dick and Eisele,^^® who report their experiences in the 
treatment of patients with ulcer by simply dietary measures. Such a report 
contributes nothing new but is of importance because it indicates the 
efficacy of the simplest method of treatment and one which is so fre- 
quently successful in dealing with this condition. 

The diagnosis of bleeding from peptic ulcer is frequently missed 
because of failure to perform simple stool examinations. It is of impor- 
tance to note that a daily loss of blood from the upper portion of the 
intestinal tract of as little as approximately 10 cc. may result in positive 
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results of tests for occult blood in the stool in over 40 per cent of cases. 
Such results were obtained by Kirschen and associates in studying 
146 normal persons to whom small divided doses of hemoglobin were 
administered and whose stools were tested by the routine benzidine slide 
test. The delicacy of this test is such that unless patients are maintained 
on strictly meat-free diets, it is doubtful whether a barely positive result 
is of significance, and great care should be used in the interpretation of 
such minimal findings. The authors contribute one point of incidental 
interest, namely, that carmine per se when used for the marking of stools 
may yield a positive result in a test for blood in the feces. A continuation 
of previous careful studies on the significance of blood in the stools is 
reported by Schifif and his collaborators.^-® Observations were made 
on a group of subjects after the introduction of varying quantities of 
whole blood into the stomach, and the results of stool examinations were 
recorded. Tarry stools were obtained in subjects given amounts of blood 
as small as 200 cc. It was shown that stools may be entirely bloody and 
never tarry as a result of intestinal hypermotility. Such a confirmation 
of a clinical fact is reassuring and suggests that a grossly bloody stool 
does not necessarily indicate hemorrhage from the small intestine or the 
colon. The number of bloody or tarry stools is not directly related to the 
amount of blood in the stomach. One patient had five bloody stools after 
the introduction of 1,000 cc. of blood, whereas another had but three 
tarry stools after a similar introduction of 2,000 cc. of blood. Bloody 
stools may be passed for as long as three days and tarry stools for as long 
as five days after intragastric administration of a single quantity of blood. 
Positive results of guaiac tests for occult blood in the stools may persist 
for as long as ten days after the ingestion of 250 cc. of blood. The con- 
clusions, although not new, should be stressed because of their clinical 
application. From the results of the experiments Schifif and his asso- 
ciates believe that the passage of a tarry stool does not necessarily indicate 
the occurrence of a severe hemorrhage into the digestive tract and that the 
persistence of tarry stools or of occult blood in the stools does not 
necessarily indicate the continuation of such a hemorrhage. 

Gross hemorrhage unassociated with pain may be and frequently is 
encountered in the presence of a peptic ulcer, and as has previously been 
noted, an elevated individual threshold for pain may explain many of 
these occurrences. That other causes may be responsible for painless 
gross bleeding from the stomach or the duodenum is shown in the short 
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report of Moschcowitz, Mage and Kugeld”® Of 14 patients who came 
to necropsy in association with massive gastroduodenal hemorrhage 
without pain, only 3 had gastrointestinal bleeding from a chronic peptic 
ulcer. In the other 1 1 cases there were associated conditions that might 
be classified as gastritis or as being secondary to more superficial lesions 
of varied natures. It is quite possible that the superficiality of the lesions 
in erosions causing even fatal hemorrhage may serve in part as an 
explanation for the absence of pain. 

The therapy of bleeding ulcers is still a matter of choice, if one can 
judge by the varied results reported in the literature. Nicholson and 
Miller, in a careful analysis of therapeutic results, express the belief that 
a prompt feeding program following hematemesis plus administration of a 
reasonable amount of fluid gives far better results than any other type 
of treatment. They believe that the type of diet is of secondary impor- 
tance to the requirement that food be given promptly, irrespective of the 
degree of bleeding, frequently and in adequate amounts. Their observers 
also feel strongly that the use of morphine should be strictly avoided 
because of its effect on the tonicity of the duodenal musculature. They 
believe that the prompt feeding program is effective probably because it 
meets nutritional demands ; supplies fluid to counteract shock ; neutralizes 
the gastric acidity, thus preventing further erosion in the ulcerated areas, 
and increases intragastric and intraduodenal pressure, thus tending to 
close the open and bleeding vessel. Although the mortality figures vary, 
other authors, such as Eichhorn,^-® Chaikin and Tannenbaum and 
MacMillan, report similar beneficial results. Eichhorn carried out 
comparative studies on a series of 81 patients with bleeding ulcers. 
Thirty-three patients were treated by initial starvation, and the remainder 
(38) were fed immediately. There were no deaths in the second 

group of patients, whereas in those treated by initial starvation, 

there was a mortality of 19 per cent. Eichhorn believes that the 
principle involved in the Meulengracht regimen greatly lowers the mor- 
tality rate, provides more comfort for the patient and results in a 
shorter stay in the hospital, a statement that is borne out by the results 
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of a more or less similar study by Chaikin and Tannenbaum. Rafsky 
and Weingarten,^^^ on .the contrary, state that the mortality rate in a 
group of patients treated b}^ restricted dietary measures is essentially no 
different from that in a group treated by the Meulengracht diet. These 
authors prefer their own method of treatment, which involved starvation 
for the first day after admission to the hospital, or longer if bleeding 
continues, following which hourly feedings of cereal or milk were admin- 
istered, together with the usual supportive measures employed by most 
physicians. Intraduodenal feeding was employed from the fourth to the 
seventh day after admission in the presence of pain. Emery, {jy com- 
paring the results of treating 36 patients with bleeding ulcer by the 
]\Ieulengracht regimen with the results obtained on a group of 50 patients 
treated previously by the Sippy regimen, believes that there was no essen- 
tial difference in the mortality figures. He states that there was no 
evidence that bleeding stopped any more rapidly on the Meulengracht 
than on the Sipp}' regimen, although the former was undoubtedly 
pleasanter for the patient. In most instances, it can be safely asserted, 
however, that the principle of early feeding after hemorrhage is to be 
desired and that in some form or another it constitutes the method of 
choice, as was indicated some years ago by Andresen. The question 
of iron therapy in the treatment of the anemia due to gastrointestinal 
bleeding has always occasioned a certain amount of controversy because 
of the possible irritative action of iron salts. Ehrenfeld and Wallace 
believe that colloidal iron hydroxide in combination with aluminum 
hydroxide may be given continuously without causing any gastric irrita- 
tion to patients with peptic ulcer and that in those patients with persistent 
chronic bleeding of a mild character it is possible to maintain a constant 
red cell count and hemoglobin level by such means. 

Schiff and associates continue to stress the prognostic significance 
of the rise in blood urea nitrogen following hematemesis or melena. 
Chunn, Harkins and Boals similarly mention the prognostic impor- 
tance of blood urea determinations in cases of massive bleeding from the 
upper portion of the gastrointestinal tract. The latter authors, however, 
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mention in their article the results of animal experiments in which 
roentgen nephritis was produced by the method of Hartman. In these 
animals the administration of blood by stomach tube produced much more 
prolonged azotemia than that resulting in control animals. Such a finding 
would seem to confirm the careful observations previously reported by 
Johnson, who indicated that the degree of azotemia was more dependent 
on the renal factor than on any others and was of little, if any, prognostic 
significance. Black stresses the importance of alteration in renal 
function as a significant factor in the production of azotemia secondary 
to gastrointestinal hemorrhage, and in addition, presents observations 
showing that a marked rise in the blood level of amino acid nitrogen 
occurs at the same time. He suggests that the increase in amino acid 
nitrogen probably indicates temporary hepatic dysfunction. A general 
discussion of the biochemical changes associated with hemorrhage from 
the stomach and the duodenum and a consideration of the necessity of 
therapeutic measures directed toward an improvement in the urinary 
excretion of urea is to be found in an article by Bick and Wood.^®' 

Possible transient myocardial changes secondary to massive hemor- 
rhage from peptic ulcer are reported by Scherf and his collaborators.^®® 
Conclusions as to such myocardial damage are based on electrocardi- 
ographic changes, which appear within a few hours after the hemorrhage 
and disappear again after a few days. Obviously, such transient changes 
are of negligible importance in younger persons, but it is possible that 
cardiac disturbances may be of prognostic significance in older ones, and 
clinical experience would seem to indicate that such may occasionally 
be the case, particularly in the presence of already existing heart disease. 

The problem of perforated ulcers is essentially surgical but should be 
competently faced by the internist, to whom the patient with this con- 
dition frequently first presents himself. The survey by Berson is, 
therefore, of importance. It covers the experiences of an eighteen year 
period, including 154 consecutive patients with acute ulcer perforations. 
A relative infrequency was noted during the warm months, and the 
incidence of perforation in men was thirteen times that encountered in 
women. More than four fifths of the entire group had experienced ulcer 
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symptoms prior to surgical intervention, and 3 had had recurrent perfoi a- 
tions. Pneumoperitoneum was present in 80 per cent of the cases in 
which roentgenograms were taken. Perforation of duodenal ulcers was 
seven times as frequent as that of gastric ulcers, but the mortality was 
greater in patients with the latter lesions. Seventy per cent of the 
patients with cultures of peritoneal fluid positive for micro-organisms 
at the time of operation died. It is highly probable that recently 
introduced chemotherapeutic agents would have modified these results 
to an appreciable degree. The total mortality rate was 15 per cent. 
The importance of the time element in the ultimate result after perfora- 
tion of an ulcer is illustrated by the report of Henry, who examined 
the peritoneal fluid obtained from a group of perforated peptic ulcers, 
micro-organisms being found to be present in the peritoneal cavity shortly 
after perforation. Gastric acidity is low at the time of operation, and 
bacteria occur in the gastric contents. The peritoneal fluid has a 
hydrogen ion concentration and a chloride content approaching those 
of blood plasma, and there is little evidence that there is any diminution of 
the bacterial growth either by gastric contents or by peritoneal fluid. 
Seley and Colp report pathogenic micro-organisms in 30 per cent 
of benign ulcers studied, but, as usual, one would expect a much higher 
incidence of bacterial growth occurring in malignant lesions, possibly due 
to lower gastric acidity. 

The role of the surgeon in the ulcer problem is discussed by 
Wangensteen,^^^ who believes that all failures in the management of 
patients with ulcer treated either by medical or by surgical measures 
rise from inability to control gastric acidity. Whether such a concept 
is valid certainly remains an unsettled question at the present time, but 
his conclusions are undoubtedly correct — that subtotal gastrectomy at 
present is the most effective surgical procedure in controlling postopera- 
tive gastric acidity and is associated with the lowest incidence of post- 
operative recurrences. He believes that this operation may be done for 
ulcer and its complications, exclusive of perforation, with an operative 
risk of 2 per cent, provided adequate preoperative and postoperative 
measures are taken. A follow-up study by Walters and Cleveland 
supports the contention that partial gastrectomy offers the best chance 
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of a cure or of an amelioration of S 3 TOptoms of bleeding peptic ulcer and 
the best prophylaxis against further hemorrhage. Eighty-seven per cent 
of 112 patients treated by partial gastrectomy for bleeding peptic ulcer 
obtained satisfactory results. These authors stress the necessity of 
removing the pyloric antrum in the course of all gastric resections, 
in order to obtain the most satisfactory results. Such a view is commonly 
held by most experienced gastric surgeons, who have tended to become 
more and more radical in their procedures in recent years. The time 
that has elapsed since the inauguration of this most radical form of 
subtotal resection is still too short, in my opinion, to settle this point 
adequately. An article by Connell,^'*^ for example, is of interest. He dis- 
cusses the physiology of the stomach in relation to hydrochloric acid 
production, with particular reference to Edkin’s theory that an antral 
hormone, gastrin, stimulates the secretion of fundic acid. He states 
correctly that this theory has not yet been proved either experimentally 
or clinically, and such doubt is implied in an article previously referred 
to by Connell suggests that subtotal resection be modified by 

preservation of the alkaline secreting antrum and the pyloric neuro- 
muscular sphincter mechanism. Whether this suggestion is wise may be 
open to question, but the final conclusion in the light of previous experi- 
ence in ulcer therapy is undoubtedly correct, namely, that because of 
various known factors, it is wise to refrain from drawing conclusions 
relative to results of therapeutic measures until after the lapse of at least 
five 3 '’ears. To date, follow-up studies of this length are still lacking. 
There can be no doubt that subtotal resection has reduced remarkably 
the incidence of recurrent ulcer, and it is true that many patients lead 
relatively normal comfortable lives after such an operation. It is also 
true, however, that an important number of persons who have been sub- 
jected to such radical surgical procedures recover strength and weight 
slowly after the operation and for a long time have a multiplicity of minor 
complaints which should not be overlooked. Subtotal resection is not a 
ph 3 ’-siologic procedure, and it is still wise to question the rationale of such 
a maneuver in the hope that better surgical measures may be evolved in 
those cases in which the condition is intractable to medical treatment. 
Schwartz, Reingold and Necheles,^^® recognizing these facts, have made 
an investigation of the relation between blood sugar and general com- 
plaints following subtotal gastric resection. Their studies were under- 
taken because of observations on the complaints of dizziness, warmth, 
perspiration, palpitation and nausea, which are not infrequently residual 
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symptoms in patients subjected to subtotal gastrectomy. The studies 
indicated that they are not due to transient hypoglycemia, but the authors 
are inclined to attribute them to a distention of the upper portion of the 
small intestine following the ingestion of food. In many instances they 
could be prevented by the taking of frequent, small meals or relieved 
by lying down after the intake of food. 

Gastric Cancer . — Attempts to produce experimental gastric cancer in 
animals continue to be made, and a report by Stewart and Lorenz 
records the production of cancer in mice following local injection of 
20-methylcholanthrene. The injections were made into the glandular 
mucosa of the pyloric portion of the stomach, which is not completely 
refractory to cancer induction. Unlike the results obtained in the produc- 
tion of tumors in the forestomacb and the small bowel, the oral admin- 
istration of this substance was not accompanied by carcinomatous changes 
in the pyloric portion of the stomach. Groups of rats and mice studied by 
Beck and Peacock were fed a variety of repeatedly heated fats in 
addition to an adequate basal diet. Subsequent avitaminosis A appeared 
among the animals, and ulceration and papillomatosis of the forestomach 
were observed among those that died. Control animals did not show 
any gross pathologic lesions. Whether various factors, such as dietary 
deficiencies, gastric achlorhydria and the like, lead to the development 
of papillomatous or malignant changes in human beings is still a com- 
pletely open question, but the results of experiments, such as the pre- 
ceding ones, together with numerous clinical observations, would lead 
one to hope that evidence may eventually be obtained regarding the 
causative factors. 

It is well to review from time to time the results of surgical treat- 
ment of malignant disease of the stomach. The results reported by 
Walters and his colleagues are typical of the relatively successful 
surgical treatment of malignant growths of the stomach that has been 
reported in recent years. Examination of the results will show that 
the mortality rate has been progressively decreasing. In a large group 
of patients who did not have extensive carcinoma or metastases and 
who underwent gastric resection, these authors report a five year survival 
rate of nearly 30 per cent, a ten year survival rate of 20 per cent and 
a fifteen year survival rate of 15 per cent. An important diagnostic 
point is found in the statement that approximately one third of the 
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patients who had carcinomatous lesions of the stomach which were 
resectable had symptoms of the so-called “ulcer type” and in the majority 
of these patients routine ulcer therapy resulted in a temporarily effective 
control of symptoms. Too much emphasis cannot be placed on the 
latter fact, inasmuch as a favorable result of medical treatment in 
relatively early cancer too frequently has led to a postponement of 
adequate diagnostic measures and therapy.' The authors urge a more 
general acceptance of the fact that medical treatment of an ulcer type 
of dyspepsia should not be instituted without roentgen examination to 
determine the exact location and nature of the lesion. In a subsequent 
paper Walters points out the success of subtotal resections in the 
treatment of benign gastric ulcer, the results being superior to those of 
similar operations for duodenal ulcer. At the time of publication 
Walters stated that' he had not seen a case of recurrent benign ulceration 
in which half or more of the stomach was removed with the benign 
gastric lesion. Eusterman emphasizes the fact that small ulcerating 
forms of gastric carcinoma not only may be clinically indistinguishable 
at time^ from benign lesions but may respond to medical treatment in 
such a favorable manner as to give an entirely wrong impression of 
their true nature. Failure to carry out adequate diagnostic procedures 
under such circumstances cannot be too strongly condemned. Euster- 
man points out the various diagnostic criteria that eventually lead to a 
decision as to the form of therapy indicated. It is rather unfortunate 
that in none of these articles is sufficient prominence given to the 
diagnostic possibilities of adequate examination by an experienced 
gastroscopist. Before resorting to radical surgical treatment of gastric 
ulceration, a combined examination by roentgen and gastroscopic 
methods undoubtedly offers the best possible control of the situation 
and in many instances provides perfectly adequate information as to 
complete healing and as to the benign nature of the lesion, something 
that frequently cannot be accomplished by roentgen studies alone. 
Eusterman adds 3 other cases to 2 previously reported of carcinoma 
in situ, a relatively rare condition. A rather discouraging report on 
the subject is that of Boyce.^®^ Over a period of years only 2 of every 
30 patients treated for cancer of the stomach in the New Orleans Charity 
Hospital could be submitted to gastrectomy, and the immediate mortality 
for this operation was over 50 per cent, the 200 latest surgical patients 
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in this series presenting little improvement in end^results over a similar 
series reported in 1933, The author rightly attributes failuie to make 
early diagnoses for this particular group of patients, most of whom were 
taken from the lower economic levels, to lack of insistence on the part 
of physicians on adequate study of gastric complaints. Hinton,’-®- in a 
discussion of the same subject, outlines the- difficulties of diagnosis and 
treatment and also shows the relative rarity with which carcinoma 
develops in benign ulcer. As an indication of the trend of cancer studies 
at the present time, he cites the work done by many investigators 
attempting to find a connection between estrogens, androgens and the 
gastric mucosa as a possible factor in causation of carcinoma. 

As a means of determining the prognosis in gastric carcinoma, the 
classification based on gastroscopic examination suggested b}'- Baumann 
is discussed by Schindler and his associates.’®® Inasmuch as careful 
gastroscopy permits at least a relatively satisfactory use of this classifi- 
cation, it is of interest until further observations and studies have been 
made. According to this grouping, lesions classified as polypoid or 
noninfiltrating, carcinomatous ulcers have a relatively good prognosis; 
those classified as infiltrating, carcinomatous ulcers and diffuse 
infiltrating growths are associated with unfavorable end results after 
surgical intervention. That erroneous conclusions may be drawn at 
operation on the possible spread of gastric cancer to regional lymph 
nodes is indicated in a careful pathologic study by Coller, Kay and 
MacIntyre.’®^ In 53 cases the lymph nodes were dissected from each 
operative specimen and examined individually after a rather exhaustive 
study. Evidence of metastases was found in three fourths of the cases 
in this study, in one fourth of the cases the growth had involved the 
duodenum and in one fourth of the cases the upper margin of the 
neoplasm could not be determined by palpation alone at the time of 
operation. There was no relation between the size of the neoplasm and 
the presence of lymphatic metastases. Small neoplasms were often 
associated with extensive nodal metastases. Fewer metastases were 
noted from polypoid neoplasms than from those of the sessile type. In 
a majority of the cases in which the regional nodes were not palpable 
or if palpable were not thought to be suggestive of a malignant growth, 
the cancer was subsequently shown to have metastasized. The authors 
insist on the necessity of including a wide zone of resection, whether 
palpable lymph nodes are present or not, in order to increase the likeli- 
hood of cure. 
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Justification for the most radical form of surgical treatment, even 
if it involves total gastrectomy, is to be found in the more recent reports 
of an increasing number of survivals following operation based on 
improved surgical technic. Even with complete removal of the stomach, 
as pointed out by Jones,^®= Donald and Morton,^®' it is possible to 
hope for a progressively increased survival rate and relative freedom 
from incapacitating symptoms with adequate postoperative care. 

Diiodemim (Sphincter of Oddi ). — ^The behavior of the sphincter of 
the common bile duct and its relation to the processes of normal digestion 
in the intestinal tract have been the subjects of study by Necheles and 
Kozoll.^®® The resistance of the sphincter and its response to a number 
of substances were tested on 10 human subjects after operation and 
drainage of the common bile duct. Parallel experiments were carried 
out on dogs in which the activity of the gallbladder and the duodenum 
and sphincter resistance were measured simultaneously. Drugs of the 
epinephrine group had variable effects on sphincter tone in human 
subjects and on the mechanism of evacuation of the gallbladder in dogs. 
Symptoms produced by the administration of atropine were followed by 
increased sphincter resistance in the patients studied. The effects of 
papaverine were inconstant. Codeine phosphate also increased sphincter 
resistance greatly both in the human subjects and in the experimental 
animals. Prostigmine usually increased sphincter tone considerably. 
Magnesium sulfate was followed by vigorous contractions both of the 
sphincter and of the duodenum in the dog but by only a slight increase 
in sphincter tone in human beings. The hydrochloride of diphenyl- 
acetyldiethylaminoethanol, glyceryl trinitrate and amyl nitrite depressed 
the tone of the sphincter, particularly when it was high after the 
administration of other drugs like codeine. In the patients studied post- 
operatively, it was noted that coughing, the occurrence of nausea and 
passage of stools increased sphincter resistance, as did ingestion of a 
meal. The sphincter seemed to be subject to psychologic effects, 
inasmuch as the sight or odor of meals produced considerable tonus 
waves. These results are probably to be accepted as an accurate inter- 
pretation of physiologic responses occurring in normal human beings, 
but it should be remembered that in half of the experiments made on 
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patients in this particular study surgical treatment of the gallbladder 
had already preceded observation and may have modified the responses 
to some extent. 

The effect of bile flow through the sphincter, probably as a result 
of relaxation of the sphincter, was observed by Bergh^*'’’ in human 
subjects, with results confirming the suggestions of previous investi- 
gators. A fatty meal, consisting of egg yolks and cream, apparently 
produced relaxation of the sphincter, but fresh olive oil had little effect. 
After a protein meal relaxation occurred only once, and no significant 
effect was observed after ingestion of carbohydrates. 

Focal disease limited to the sphincter of the common bile duct is 
rare. For this reason the report of Sharpe and Comfort on 40 cases 
of carcinoma of the papilla of Vater is worthy of study. In only 1 of 
these cases was the possibility of carcinoma of the ampulla suggested 
before operation, although in 38 the diagnosis indicated that the clinician 
knew tliat obstruction of the common bile duct was present. Obviously, 
jaundice was a constant feature, but in many instances it was protracted 
and was fluctuating in its intensity. The authors point out that there 
is no typical clinical picture or no typical physical findings. Pain is 
a constant feature, and it is of extreme interest that chills and fever 
were present in over half of the cases, as was diarrhea. The obvious 
conclusion from such a study is that in the absence of clinical improve- 
ment or adequate diagnostic observations surgical intervention is 
indicated. 

Diverticula and Unusual Tumors . — It is usually admitted that 
diverticulosis of various portions of the digestive tract may represent 
an adventitious condition and may not cause any symptoms. This is 
particularly true of diverticula of the stomach and the upper portion of 
the small intestine. Gastric diverticula are rare, and as a rule, they 
are encountered near the cardiac orifice, as is pointed out by Reineke,^®^ 
who reports 4 cases of gastric diverticulum so situated. The diagnosis 
is dependent on roentgen examination, and treatment when necessary 
may involve simple medical measures, including postural drainage or, 
occasionally, resection. Two other instances of this uncommon con- 
dition are reported by Schmidt and Walters,^®^ who review the classifi- 
cation and symptomatolog}^ in detail. They believe that gastroscopy is 
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of aid in differentiating the types of diverticula and in deanonstrating 
the presence or absence of pancreatic tissue or benign growths in those 
instances in which the diverticula are essentially of the traction type. 
Kozinn and Jennings add a case to the small number of previously 
reported instances of jejunal diverticula. Like other diverticula they 
are usually thought to be either congenital or acquired. The authors 
correctly point out the lack of symptoms attributable to most of these 
abnormalities, but, as in the case they report, they may cause either acute 
abdominal conditions due to perforation and peritonitis or bleeding, the 
latter being more common in children. 

Meckel’s diverticulum is a relatively common condition and fre- 
quentl}'- results in bleeding in children or in obstructive symptoms. Two 
instances of such an occurrence are reported by Conrad.^®^ A different 
type of complication is mentioned by Haddock and Coventry in a case 
report of perforation of an ulcer of the ileum occurring opposite a 
Meckel diverticulum in a young child, another rather characteristic 
complication of this condition. As is frequently true, in this case and 
in 2 reported by Waugh and his colleagues heterotopic gastric mucosa 
was present in the diverticulum, with resulting peptic ulceration of the 
ileum opposite the stoma. An unusual complication is that reported 
by Lium and Ladd in an elderly man in whom acute Meckel’s 
diverticulitis complicated a strangulated left inguinal hernia. Occa- 
sionally, Meckel diverticula are complicated by the local appearance 
of new growths. Albright and Sprague add another to 6 previously 
reported cases of primary adenocarcinoma arising in such a diverticulum. 
Kouck)' and Beck report a still more rare condition, a perforated 
leiomyoma of a Meckel diverticulum. 

Unusual forms of growth, benign or otherwise, occur with sufficient 
frequency at various levels in the gastrointestinal tract to warrant only 
passing comment. Because of the variety of conditions involved, how- 
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ever, it is worth while to enumerate some of them briefly, particularly 
because the diagnosis of tumor of the digestive tract is being made with 
a rapidly increasing frequency. Rumold contributes examples of an 
extremely rare condition, submucous lipoma of the stomach, 32 cases 
having been recorded in the literature prior to his report. Lemon and 
Broders give a fairly comprehensive clinical and pathologic study of 
leiomyosarcoma, hemangioendothelioma, or angiosarcoma, and fibro- 
sarcoma of the stomach. Fourteen cases of histologically proved gastric 
sarcoma are included in the report. Surgical removal of these tumors 
is, of course, indicated, and the prognosis, while guarded, is better than 
that of lymphosarcoma or carcinoma. A leiomyoma of the stomach was 
successfully removed by Halperin,^^^ and reports of 2 successful 
operations on gastric hemangiomas are added by Morton and Burger, 
in 1 case the growth being found on gastroscopy. A report by Koenig 
and Culver of 2 cases of Hodgkin’s disease involving the stomach 
confines itself largely to a description of the roentgen findings, which 
unfortunately are not sufficiently characteristic to differentiate this con- 
dition from other infiltrating ulcerative lesions. Another rare occur- 
rence is acute perforation of lymphosarcomatous ulcer of the stomach, 
mentioned by Koucky and his associates.^’® Symptoms in a boy of 14 
years were of only one week’s duration before the acute perforation 
took place. The nature of the ulcerative process was determined at 
operation by biopsy, and satisfactory recovery occurred. In spite of the 
repeated statement that perforation is a common complication of gastric 
lymphosarcoma, so far the authors have found only 4 other instances of 
a similar occurrence. One of the rarest forms of gastric tumor is 
recorded by Fuller,^’® who describes a case of neurilemmoma of the 
wall of the stomach complicated by ulceration of the underlying mucosa. 
The clinical picture in this instance was that of peptic ulcer. The report 
is of further interest in that it brings out a point that is occasionally 
forgotten — namely, that new growths, either primary or benign, may 
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cause superficial ulceration of the gastric mucosa, with a resulting 
clinical picture entirely similar to that of peptic ulcer. Unless careful 
diagnostic procedures are carried out, the underlying cause of the disease 
is frequently overlooked because of the favorable response to medical 
therapy. In this case the tumor and the ulcer were resected, with 
subsequent recovery. Another curious occurrence is noted by Cohn and 
associates, who encountered gastric disease in a patient who had been 
ingesting a preparation containing kaolin for a long time. Clinical and 
roentgen examination failed to reveal any gastric abnormality, but 
gastroscopy indicated a prepyloric tumor, which, however, was not seen 
in the gross resected stomach. Microscopic studies proved the lesion 
to be a granuloma, with the type of foreign body giant cell present in 
the lesions of silicosis. Mineralogic studies confirmed the presence of 
silica in the gastric tissues. The authors were able to reproduce in 
rabbits similar lesions secondary to silica irritation. 

The relative rarity of tumors of the small intestine is indicated in 
a statistical study of such lesions by Morison,^'® who reviews the results 
of 2,434 autopsies and 10,705 biopsies. In this large number of 
specimens examined 21 primary tumors of the small bowel were 
encountered among which were 5 lipomas, 3 adenomas, 2 leiomyomas, 
1 pedunculated subserous fibroma, 2 argentaffinqmas, 4 adenosarcinomas 
and 4 lymphosarcomas. In addition, there were 4 examples of pancreatic 
heterotopia. There is nothing new in the article, but it illustrates more 
or less clearly the incidence and occurrence of various forms of unusual 
tumor in the small bowel, a preoperative diagnosis of the nature of 
which is rarely possible. Obstructive symptoms ranging from mild 
peristaltic unrest to acute intussusception are frequently encountered, 
however, and hemorrhage is not uncommon. A similar report is that 
by Morrison and Donath,^^® who record 45 tumors of the small bowel 
that were encountered in the examination of over 25,000 autopsy reports 
and a large number of reports of surgical procedures and biopsies. 
There were 26 malignant and 19 benign tumors; they were of varying 
types, as was the case in Morison’s report. The incidence of submucous 
lipoma of the small intestine is apparently greater than that noted in 
the stomach, and Botsford and Newton report a case of intussus- 
ception due to this condition and review 95 other cases of a similar 
condition. 
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Golden and Stout present a careful discussion of one rare type 
of tumor of the gastrointestinal tract — namely, that originating in the 
smooth muscle of the tract itself or in the retroperitoneal tissue. Sixty 
cases of it are described, in 30 of which the tumor was accidentally 
encountered at operation or at autopsy. The paper concerns itself chiefly 
with 30 cases in which presenting symptoms were due to the tumor. 
The distribution in this series was as follows: stomach, 8; duodenum, 
2 ; jejunum, 1 ; ileum, 3 ; a Meckel diverticulum, 1 ; colon, 2 ; rectum, 5, 
and retroperitoneal space, 8; two thirds of the tumors were malignant. 
In discussing the prognosis following adequate surgical treatment the 
authors make the important point that the outlook depends as much on 
the anatomic site of the tumor as on its histologic character. Tumors 
of the stomach, jejunum, ileum and colon are restrained for a long time 
by the barrier of the peritoneum, so that they can be entirely removed, 
usually with success. The anatomic peculiarities of the duodenum, 
rectum and retroperitoneum render difficult or impossible complete 
removal. W arren and Lulenski present the results of a study of 28 
cases of primary solitary lymphoid tumors encountered in a series of 
3,132 malignant lesions of the digestive tract. Half of these occurred 
in the stomach. In this series the prognosis of this solitary form was 
little better than that of generalized lymphoid tumors, but in their dis- 
cussion the authors point out that in many cases long survival periods 
and possibly complete cures have been obtained by adequate surgical 
treatment and radium therapy. 

Only 3 proved cases of primary cancer of the duodenum were 
encountered among 16,000 admissions to a hospital for patients with 
cancer, according to Ritvo and Hewes.^®® The symptoms and the 
roentgen evidence associated with this almost entirely hopeless condition 
are described by the authors. An odd case of Hodgkin’s disease 
involving the duodenum is reported by Pusch.^®* Successful removal 
of primary adenocarcinoma of the jejunum is reported by Cornell and 
Hauser and by Craig,^®® and a general discussion of this particular 
condition is included in the reports. Sarcoma of the small bowel is 
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thoroughly discussed by Frank, Miller and Bell,^®‘ who add 4 cases to 
the 114 previously reported. An illustration of the difficulty underlying 
the diagnosis of tumor of the small bowel is presented by Shulman.^®® 
This author reports a case of primary lymphosarcoma of the jejunum 
in which approximately 4 feet (122 cm.) of the intestine was involved, 
without producing anything but mild symptoms. The discovery of the 
growth was based on a routine roentgen examination for a suspected 
peptic ulcer. 

A complete discussion of the various aspects of carcinoids of the 
appendix is found in a report by Wengen.^®® He reviews his own 14 
cases observed in the Basel Clinic, Basel, Switzerland, and comments 
on the variety of terms that have been used to designate these essentially 
benign tumors, which in most instances are completely cured by appen- 
dectomy. Gault and Kaplan add another case to 129 previously 
reported instances of submucous lipomas of the colon. These tumors 
have the characteristic complication of intussusception in a fairly high 
percentage of cases, and the authors comment correctly on the fact that 
in cases of suspected pathologic conditions in the colon in which there 
is a long history of recurring attacks of pain, constipation and bloody 
diarrhea, unassociated with loss of weight or with cachexia, the presence 
of a benign lesion should be suspected. Hemangioma of the large 
bowel has been reported in only 20 instances, according to Hunt,^®^ who 
included 2 of his own cases in this number, 1 involving the cecum and 
appendix and encountered in the course of routine cholecystography for 
gallstones and the other occupying the rectosigmoid portion of the colon 
and the entire rectum. The predominant symptom obviously is hemor- 
rhage, and the author points out that unlike hemangioma of the small 
bowel, intussusception has not been reported in association with colonic 
lesions. 

An additional cause of hematemesis and melena is included in this 
section, namely, hereditary hemorrhagic telangiectasis. Griggs and 
Baker ^®^ report 3 cases of this unusual familial condition. The bleeding, 
as usual, was believed to be due to telangiectatic areas in the stomach 
or elsewhere in the intestinal tract. 
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Intestinal Obstruction .— problem of intestinal obstruction has 
received considerable attention, both from the point of view of. experi- 
mental investigation and from that of clinical observation. Antoncic 
and Lawson carried out balloon studies of motility in obstructed 
loops of small bowel in unanesthetized dogs. Comparisons were made 
in some of the animals with the motility in unobstructed distal segments. 
The range of pressure in closed loops was found to be considerably 
above the range in the distal, unobstructed intestine. Contractility was 
usually considerably greater in the obstructed loops, and neither pressure 
nor contractility was found to diminish toward the end of the survival 
period unless perforation occurred. There was no loss in irritability to 
intravenous administration of epinephrine, even in the terminal stages 
of obstruction. These results are in agreement with those of previous 
investigators, and the data suggest that terminal ileus is a concomitant 
of peritonitis, rather than of obstruction. The authors were unable to 
obtain evidence supporting Alvarez’ hypothesis that reversal of the 
rhythmic gradient is responsible for stasis and vomiting in cases of 
intestinal obstruction. 

The mechanism of deflation hyperemia in the intestine was carefully 
studied by Lawson,^®^ who found that the increased arterial flow into 
loops of small intestine following periods of low pressure distention 
(deflation hyperemia) is associated with an augmented venous flow and 
usually is considerably greater in volume than the demonstrable reduction 
in volume of the intestinal walls during the distention. He considers 
that the greater part of the deflation hyperemia is due to a persistence 
of a resistance-lowering mechanism set up by stretch of the intestinal 
walls. Gatch and Battersby also studied the effect of bowel injury 
by distention with particular relation to its effect on the volume and 
concentration of the blood. Distention great enough to injure the bowel 
is described as passing through two stages noted in human beings and 
in experimental animals. In the first stage the bowel is tense and 
anemic ; in the second stage it is flaccid and congested. It passes from 
the first to the second stage when the wall stretches enough to permit 
resumption of the flow of the blood in fair volume through its capillaries. 
Injury occurs in the first stage; recovery, in the second. Most of the 
albuminous fluid encountered in the peritoneal cavity in the presence 
of obstruction of the bowel accumulates in the first stage of distention 
and varies with the duration of this first stage and with the degree of 
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obstruction to the flow of blood in the wall of the distended bowel. 
The protein content of peritoneal fluid is about half that of plasma, and 
it is suggested that damage to the capillaries by intestinal distention is 
evidently not so serious as that due to burns or to inflammation, which 
makes the capillary endothelium incapable of holding back the large 
globulin molecules. The cyanosis of the bowel in the second stage of 
distention is due to vasomotor paralysis and to the relaxation of the 
tissues which support the capillaries. The authors believe that it is not 
due to venous obstruction. 

Lawson and Ambrose also studied the utilization of blood oxygen 
by the distended intestine and showed that during moderate distention 
of the ileum and the jejunum in dogs, there is usually a marked rise 
in the oxygen content of the venous blood returning from the loop, with 
a striking reduction in the arteriovenous oxygen difference. The authors 
offer their data as incomplete evidence for the opening of low resistance 
vascular shunts in the distended intestine, which short circuit some of 
the tissues of the intestinal wall, depriving them of their oxygen supply, 
and which at the same time provide for the maintenance of an 
undiminished total volume flow of blood. Gatch and Battersby also 
report the results of studies on the effect of asphyxia caused by dis- 
tention of the bowel on the concentration of the blood. Prolonged 
distention of the stomach and the small bowel, with pressures too low 
to damage these organs, was found to result in the death of the experi- 
mental animals. These investigators believe that asphyxia due to inter- 
ference with respiration was the cause of death and state that all of the 
effects of distention can be produced by prolonged limitation of air 
supply. Blood concentration, which was obsen'^ed in these experiments, 
did not seem to be the primary cause of death and could be prevented 
by the administration of adequate quantities of plasma. Distention of 
the stomach was more rapidly fatal than distention of the small bowel, 
whereas distention of the large bowel was comparatively harmless. The 
lethal effects of such maneuvers seemed to depend on the degree of 
interference with respiration caused by local areas of distention. 

Schnedorf and Orr studied the effect of distention of the small 
intestine on the flow of bile and of urine in dogs. As has already been 
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noted in distention of the large bowel, hepatic function was seen to be 
impaired, as evidenced by reduction in the flow of bile. In these experi- , 
nients a somewhat similar reduction of renal function was also observed, 
apparently as a later phenomenon. Reductions in bile flow of as great 
as 40 per cent below the control level were obtained as a result of 
increased intraenteric pressures, and a further decrease was noted when 
intestinal distention was produced sufficient to cause a real decrease in 
the flow of portal blood. Oxygen therapy lessened this inhibition in 
bile flow in all of the dogs treated. The authors feel that inhibitory 
nervous reflex, decreased blood flow and anoxemia probably are factors 
involved in decreasing hepatic function in conditions of intestinal 
obstruction. Inhalations of high concentrations of oxygen are thought 
to be indicated when anorexia, with a resulting tendency to acholia and 
anuria, is observed in cases of intestinal obstruction. Whether or not 
such a mechanism is operative in the so-called “hepatorenal syndrome,” 
as suggested by Shnedorf and Orr, is highly speculative. 

The phenomenon of so-called “leukocyte exhaustion” in intestinal 
obstruction is discussed by Harris and Feldheym and by Van Duyn.^”” 
The former authors report a series of 10 cases of obstruction of the 
small bowel in which daily postoperative white cell counts showed 
marked leukopenia in the immediate postoperative period of one to seven 
days. This leukopenia was not associated with surgical sepsis and 
did not necessarily indicate a fatal prognosis. Van Duyn contributes 
more detailed comments on the role of abdominal distention in leukocyte 
exhaustion and cites the results of white cell studies in 6 cases of leuko- 
cytic exhaustion with abdominal distention in the absence of severe 
infection. The so-called “pure degenerative” blood picture, that is, one 
associated with leukopenia not combined with severe infection, is 
characterized by low to leukopenic white cell counts, normal to neutro- 
penic percentages of neutrophils, absence of myelocytes, normal to 
increased percentages of lymphocytes and monocytes and presence of 
eosinophils. Schilling has previously pointed out that such a differential 
count does not constitute an unfavorable clinical finding. Such a 
“degenerative” type of white cell failure may also be encountered in 
diseases of the gastrointestinal tract, other than those associated with 
obvious abdominal distention, such as typhoid, dysentery and colitis. 
On tlie other hand. Van Duyn believes that a shift to the so-called mixed 
“degenerative-regenerative” picture, in which regenerative elements or 
conditions are encountered, such as neutrophilia, myelocytes, mono- 
cytopenia and the absence of eosinophils, is usually of serious prognostic 
significance. 
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Auscultation of the abdomen has been emplo}'ed for many years in 
an attempt to obtain further information as to the presence or absence 
of an obstructive process or of peritonitis with paralytic ileus. Stevens 
discusses this method of examination and attempts to prove that it may 
be a valuable adjunct to other diagnostic methods in cases of early 
intestinal obstruction and acute appendicitis. The author believes that 
as long as peristaltic sounds are heard, the bowel is not completely 
devitalized and, therefore, a good chance for recovery exists. In the 
case of intestinal obstruction, variations in the quality and the activity 
of peristaltic sounds are discussed in relation. to morbid changes in the 
bowel. Whether such nice conclusions can be drawn in individual cases 
is open to some doubt, but there is little doubt that abdominal auscul- 
tation is used too infrequently both by surgeons and by internists in 
an attempt to clarify the status of any given cause of abdominal dis- 
tention. The article is of importance merely to renew interest in an 
approved but not sufficiently utilized diagnostic method. An excellent 
and complete review of the clinical aspects of intestinal obstruction and 
strangulation is presented by Aird."®^ The article should be of interest 
primarily to the surgeon, but because of its completeness it should be 
read by the general physician as a help in evaluating the morbid 
influences underlying intestinal obstruction and strangulation. One 
possible aid in the diagnosis of strangulation of the bowel is considered 
by Hill and his collaborators.^®^ As has occasionally been noted 
clinically, peritoneal aspiration in the presence of a strangulated bowel 
not infrequently yields a profuse exudate, which is cherry red or pink. 
Hill and his associates produced strangulated loops of bowel in dogs 
and within four hours were able to demonstrate the presence of a 
peritoneal exudate of this character. The exudate was extremely toxic 
when injected intravenously into another animal and always contained 
micro-organisms. Such a diagnostic procedure, although not usually 
necessary, should not be overlooked in an occasional case in which the 
diagnosis is difficult. 

Various types of gastrointestinal obstruction, partial or complete in 
degree, with clinical comments are scattered throughout the literature. 
One unusual occurrence is that noted by O’Donnell and Klein, who 
report a case of congenital pyloric stenosis occurring in both members 
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of a set of noiiidentical twins. They also mention 2 brotheis with this 
condition, who were operated on two years apart. A table of cases of 
similar conditions previously reported in the literature is appended. 
The authors infer that these cases afford additional evidence in support 
of the theory of the hereditary pathogenesis of some tumors. Con- 
genital duodenal obstruction is an uncommon condition, which is highly 
fatal in the absence of prompt diagnosis and treatment. White and 
Collins give the details of 4 cases in which they personally treated 
the patients and point out the important diagnostic and therapeutic 
considerations. The presence of bile in the vomitus, which is a persistent 
symptom, should lead to a suspicion of obstruction below the common 
bile duct, and the advisability of a careful but relatively simple roentgen 
examination is properly considered. Operative procedures, which afford 
the only proper therapeutic measure, should be accompanied by careful 
treatment of dehydration and shock, plasma transfusions being particu- 
lar!)^ indicated. 

The whole question of intestinal obstruction from gallstones is again 
discussed by Foss and Summers,^®® who summarize the essential clinical 
features of such a condition. Of a collective series of 150 patients 
suffering from such a complication, 15 per cent did not present a history 
suggestive of disease of the gallbladder. The usual site of obstruction 
is in the terminal portion of the ileum, the gallstones having almost always 
passed through a spontaneous cholecystoduodenal fistula. A most unusual 
manifestation of this condition is mentioned by Cahill,^®^ who reports a 
case of obstruction of the sigmoid flexure of the colon by a large biliary 
calculus. 

Paralytic ileus is not usually associated as a complication accompany- 
ing trauma with resulting fractured ribs. Altemeier and Wadsworth 
discuss 10 cases of such a condition occurring among 454 patients with 
fractured ribs in whom paralytic ileus was a serious complication. Only 
5 cases have been previously reported. In 8 of the 10 cases of ileus 
following rib fracture the break occurred within 5 cm. of the lateral 
vertebral border, and the authors speculate on the probability of the 
intestinal obstruction being associated with an irritation of the thoracic 
sympathetic ganglions and the splanchnic nerves. Experimental stimula- 
tion of the splanchnic nerves produced relaxation and cessation of move- 
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ment of the small bowel. The authors suggest that if the presence of a 
ruptured intra-abdominal viscus can be ruled out, such a complication 
of trauma is best treated without operation. 

Mattson and Larson comment on a frequently unsuspected cause 
of intestinal obstruction, namely, food itself. They point out that many 
cases of so-called “ptomaine poisoning” and intestinal upsets due to food 
in reality may be short-lived intestinal obstruction due to a food bolus. 
As proof of such a hypothesis 2 cases of intestinal obstruction due to a 
large bolus of food, proved at operation, are recorded. Colp discusses 
5 cases of obstruction of the large intestine, in which a preoperative 
diagnosis of a malignant growth was made but in which subsequent 
developments warranted the diagnosis of muscular spasm as the cause 
of obstruction. Acceptance of such a mechanism as the cause of lasting 
intestinal obstruction may seem somewhat unwarranted unless adequate 
diagnostic procedures are carried out. It would seem that in most 
instances such a diagnosis would rarely be tenable, but the author’s 
description of individual cases is reasonably convincing, and the article 
is highly provocative. When one considers the intense and lasting spasm 
caused by compounds containing lead or morphine and the sharpl}' 
localized areas of intense spasm that can be easily palpated in patients 
suffering from acute attacks of “mucous colitis,” it does not appear 
altogether improbable that an occasional case of colonic obstruction may 
occur from spasm alone. 

A clinical diagnosis of acute cecal volvulus is seldom made, since 
there are no diagnostic criteria that are pathognomonic of this condition. - 
Such a possibility must be considered in cases of intestinal obstruction 
of obscure origin, however, and for this reason the reports of Browne and 
McHardy and of Wolfer and his associates should be mentioned. 
The mechanism underlying such an occurrence is not difficult to visualize 
when one considers the large number of mobile cecums observed in 
routine roentgen examinations. 

An unusual type of intussusception is that reported by Rossien."’" 
who cites a case of chronic, spontaneous, reducing and relapsing 
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intussusception of the transverse colon into the hepatic flexure. The 
condition was observed by roentgen examination and correctl}' intei- 
preted. A simple surgical maneuver of possible value is mentioned by 
Ireland,-’^^ who refers to injections of glycerin given to 2 patients with 
irreducible intussusceptions. In each instance the substance was injected 
between the intussuscipiens and the intussusception, with successful sub- 
sequent reduction. 

There can be little doubt that intestinal suction has proved of 
inestimable therapeutic value in the treatment of an important number 
of cases of intestinal obstruction since the method was introduced by 
Wangensteen. The addition of the Miller- Abbott tube has rendered 
still further help in the treatment of selected cases of this disorder. There 
is still at times confusion as regards the proper indications for intestinal 
intubation and constant suction. An excellent resume is presented b}'^ 
Abbott and should be read by all practicing physicians. In this article 
the diagnostic and therapeutic indications for intubation are clearly given. 
An indication of the value of intestinal suction in the treatment of intes- 
tinal obstruction is provided in an article by Blodgett.®^® This author 
contrasts the mortality occurring in 206 cases of mechanical obstruction 
in which treatment was without intestinal suction with the results 
obtained in 151 cases of a similar condition treated by intubation. For 
the former group the mortality was 17.3 per cent, whereas in the cases 
in which treatment was by intubation a lowering of the death rate to 
7.9 per cent was obtained. Similarly, the mortality in 56 cases of obstruc- 
tion with associated peritonitis in which treatment was without intestinal 
suction was 73 per cent, whereas in an almost equal group of cases in 
which treatment was with the aid of intubation the mortality was only 
25 per cent. It is unfortunate that neither of these writers points out 
the dangers attending too enthusiastic intubation and suction of intestinal 
contents in cases of obstruction. There can be little doubt that such a 
measure is of great value therapeutically, but there can also be no question 
that in many instances too prolonged and too enthusiastic withdrawal 
of intestinal fluids above an obstructed area may lead to serious, if not 
fatal, results because of depletion and the postponement of adequate 
surgical treatment. In addition to the loss of electrolytes accompanying 
too enthusiastic and prolonged intestinal suction, there is the danger of 
hypoprothrombinemia, with resultant risk of spontaneous hemorrhage. 
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Such a possibility is carefully considered by Abbott and Holden in a 
discussion of hypoprothrombinemia in intestinal disorders. 

Parasitic Diseases . — ^With the existence of global war there can be no 
doubt that civilian, as well as military, physicians will be confronted with 
many hitherto more or less neglected disease conditions. A closer asso- 
ciation with foreign populations, particularly in the tropics, will auto- 
matically make possible the transfer of so-called “tropical diseases” to 
more temperate climates. The prevalence of amebiasis in this country 
is generally recognized, but its actual incidence is not fully appreciated by 
physicians practicing in the more northern sections of the country. For 
this reason an article by Faust on the prevalence of amebiasis in the 
western hemisphere is extremely timely and should be perused with a 
great deal of care. In spite of the discrepancies among various surveys 
already made in different parts of the country, many of which are too 
fragmentary or too limited in scope to provide an adequate basis for 
conclusions, Faust believes that amebiasis exists in an appreciable portion 
of the population of the western hemisphere from central west Canada to 
the Strait of Magellan. He feels certain that it is much more intensely 
endemic in the American tropics than in the temperate zones but makes 
the rather astounding estimate that in areas like the United States the 
incidence may average as high as 20 per cent, a figure possibly double 
that previously accepted. Evidence that such an estimate is not over- 
drawn may be found, for example, in an article on amebiasis in the 
Yakima Valley, Wash., by Lewis and Low,^^® Examination of a large 
number of stools over a period of five years revealed that amebas could 
be demonstrated in 21.5 per cent of 586 specimens, and of these, 
Endamoeba histolytica accounted for more than half. The unusually 
large number of Orientals inhabiting the Yakima Valley is a contributing 
factor, and the authors make a pertinent observation when they mention 
that purification of water by the chlorination-sedimentation method is 
ineffective against contamination by amebic cysts. 

It is generally accepted that subclinical infection in human beings 
caused by Trichinella spiralis is extremely common, and a recent report 
by Most and Helpern,®®® who used the most careful digestion, press and 
microscopic methods, revealed that 22 per cent of 100 persons dying by 
violence in New York city showed evidence of human trichinosis. 
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Wyreiis, Tilliscli and Magath add still another report to those already 
extant. Theirs is of interest for the fact that in 21 of 40 cases men- 
tioned the diagnosis was made incidentally during routine examination 
of surgical pathologic material, the parasites being found in specimens of 
muscle removed from various parts of the body, in tonsillar and in thyroid 
tissue and in tissue removed from the lips. In the other 19 cases 
clinical trichinosis was present. 

The treatment of various parasitic diseases is well considered in the 
newer textbooks on the subjects. An excellent summary, however, is 
presented in adequate detail and in convenient form by Faust in an 
article entitled “The Chemotherapy of Intestinal Parasites,” in which 
he discusses the most recent and successful forms of treatment. The 
author takes up in order the use of emetine, chiniofon powder, diodoquin 
(5,7-diiodo-8-hydroxyquinoline) and carbarsone in the treatment of 
amebiasis, atabrine in giardiasis and gentian violet in infections caused by 
Oxyuris and Strongyloides ; hexylresorcinol is advocated in the treatment 
of ascariasis; for hookworm infection the author routinely uses tetra- 
chlorethylene and (or) hexylresorcinol; for infection caused by whip- 
worm no specific drug therapy is available, but the use of fresh crude 
latex and the repeated administration of tetrachlorethylene are mentioned ; 
infection caused by tapeworm may be treated successfully either by 
oleoresin of aspidium or by carbon tetrachloride. The article is written 
in enough detail that it is highly informative. Manson-Bahr believes 
that the most effective treatment for amebiasis is a combined method of 
therapy, consisting of quinoxyl (a mixture of iodohydroxyquinoline 
sulfonic acid and bicarbonate of soda) retention enemas by day and 
administration of emetine bismuth iodide by night. Using this method, 
the author had a relapse rate of only 3.7 per cent in 361 patients. 
Kuitunen-Ekbaum has found that phenothiazine is extremely effica- 
cious in the treatment of infection caused by pinworm and claims complete 
cures in 84 of 98 cases by the first course of treatment. Although it is 
generally recognized that giardiasis may be successfully treated by 
atabrine, there is still a reasonably skeptical attitude toward the relation 
that infections caused by Giardia bear to the production of symptoms. 
For this reason, it is of some interest to learn from an article by Hartman 
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and Kyser"^® that apparently atabrine therapy completely relieved the 
rather indefinite symptoms presented by a group of patients in u^hom the 
demonstration of giardias in the intestine was the only positive clinical 
finding. 

Specific Injections, Diagnosis and Treatment . — An apparently unique 
case of multiple subserous abscesses in a single locality of the stomach 
wall is described by Sauer and Lisa.--® The report is mentioned, in spite 
of the fact that the causation remained obscure, because there appears 
to be no report of a similar condition in the literature. Histologic studies 
revealed chronic gastritis and multiple acute subserous abscesses. 

Infections caused by W elch’s bacillus have rarely given rise to serious 
lesions in the stomach and the duodenum. Only 12 cases were found in 
the literature by Quinn and his colleagues.--^ They add 2 new cases, in 
which localized infection due solely to Welch’s bacillus was encountered 
in the stomach and the duodenum. Recovery was reported in only 
1 case. 

Because of the increasing tendency to segregate patients suffering 
from tuberculosis in special institutions it is an unfortunate fact that 
younger physicians are becoming less familiar with the various manifesta- 
tions of this disease. For this reason reference to current articles should 
be of interest. Burke and Aronovitch comment on the incidence of 
ulcerative intestinal tuberculosis encountered among patients in a sana- 
torium. Of 99 consecutive autopsies, ulcerative lesions in the digestive 
tract were encountered in 70 per cent. Over a period of fourteen 
months 226 patients in the same institution revealed an incidence of 
intestinal tuberculosis of 31.4 per cent when examined by a method 
previously described by Brown and Sampson. Because of the histories 
of dietary inadequacy obtained from a large number of these patients, 
Autamin therapy was instituted in the hospital, with particular attention 
to vitamins C and D. It is the authors’ impression that there has been a 
marked decrease in the number of patients presenting symptoms referable 
to the intestinal tract since the beginning of such therap}'. It would be of 
interest to know whether during this period patients with less advanced 
tuberculous conditions were being admitted than in former years. Such 
a possibility might in part explain the apparent improvement in thera- 
peutic results. It is of incidental interest that in children, at any rate, 

225. Hartman, H. R., and K 3 'ser, F. A.: Giardiasis and Its Treatment, J. A. 
M. A. 116:2835 (June 28) 1941. 

226. Sauer, P. K., and Lisa, J. R. : Abscess of the Stomach Wall : Report 
of a Case, Surgerj' 10:899, 1941. 

227. Quinn, W. C; Lord, J. W., Jr., and Wade, L. J.: Welch Bacillus 
Infections Arising from the Stomach and Duodenum, Surgery 11:229, 1942. 

228. Burke. H. E., and Aronovitch, M.: Intestinal Tuberculosis, Canad. 
M. A. J. 45:21, 1941. 



JONES-GASTROENTEROLOGY 


653 


gastric lavage may be an important procedure in the diagnosis of tuber- 
culosis. Davies and Doherty surveyed the results of examination of 
gastric contents in 75 boys and girls ranging from 2 to 11 )'ears of age. 
Of this group, 64 children had pulmonary tuberculosis and 1 1 had non- 
pulmonary lesions. Tubercle bacilli of the type causing tuberculosis in 
human beings were present iii the gastric contents of 24 of the patients 
with pulmonary tuberculosis but not in those of any children suffering 
from nonpulmonary lesions. Although such a maneuver is rarely 
necessary or indicated in adults, it undoubtedly is occasionally indicated 
in children, in whom the obtaining of satisfactory specimens of sputum is 
often difficult. The possible importance of abdominal tuberculosis in 
causing symptoms in children leading to erroneous diagnoses is stressed 
in an article by Harrenstein.-^® Under the term abdominal tuberculosis 
this author includes involvement of the peritoneum and tuberculosis of 
the mesenteric lymph nodes and of the abdominal organs. The slight 
cutaneous sensitivity to tuberculin of patients with these conditions 
increases the diagnostic difficulties. In 47 of 48 children the cause of 
symptoms was established only by operation. The first diagnosis for the 
majority of the children had been erroneous, the tuberculous process 
being frequently mistaken for appendicitis. In 20 children active tuber- 
culosis of the lymphatic nodes was encountered; in 23 tuberculous 
peritonitis was encountered, and in S intestinal lesions were suspected. 
Because of the probability of an increase in the morbidity from tuber- 
culosis due to war or postwar conditions, articles on this disease are of 
current interest. 

A rather unusual manifestation of early syphilis of the stomach 
is reported by Reynolds,^^’^ who relates the case of a 34 year old Negro 
with pyloric obstruction. The patient was found to have a chronic 
interstitial inflammatory lesion of the wall of the stomach associated 
with early syphilis. That the syphilitic infection was recent seemed clear 
because of the presence of a penile lesion and a characteristic plantar 
syphilid with generalized lymphadenopathy. That the gastric lesion was 
also due to syphilis seemed entirely probable because of the suggestive 
histopathologic data and the response to specific treatment. Another rare 
manifestation of syphilis of the digestive tract is to be found in a case 
report of Hernandez-Morales and Ruiz-Cestero,^®- who describe a case 
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in which an obstructing lesion in the second portion of the duodenum 
responded slowly to antisyphilitic treatment; there was also serologic 
evidence of the disease. Proof of healing was obtained by repeated 
roentgen examination, as well as by the disappearance of symptoms. 

Actinomycosis of the gastrointestinal tract is sufficiently rare to 
warrant including a report by W oodman of a case in which the con- 
dition was diagnosed at operation. Involvement of the cecum, ascending 
colon and liver was demonstrated, in addition to multiple small pulmonary 
abscesses. 

Recent improvements in the diagnosis and treatment of bacillary 
dysentery are of immediate interest because of the obviously increased 
exposure to this infection of a large number of American troops and 
civilians moving to different parts of the world. The fairly recent devel- 
opment of a culture medium selective for Bacillus dysenteriae (Flexner) 
is reported by Wilson and Blair.-^^ They have found that lactose nutrient 
agar containing optimum amounts of potassium tellurite, potassium ferric 
iron and rosolic acid provides a medium on which Flexner’s organisms 
grow profusely, whereas the growth of most strains of Escherichia coli 
and Bacillus lactis aerogenes is inhibited. The growth of salmonellas 
which cause food poisoning, typhoid and paratyphoid bacilli, Sonne’s 
d3'^sentery bacillus and cholera vibrios is suppressed. A careful clinico- 
pathologic study of 263 consecutive cases of acute bacillary dysentery 
observed in the Canal Zone is presented by Macumber.^®® The organisms 
recovered from stools consisted entirely of members of the Flexner and 
the Sonne group, those of the former predominating heavily. No case 
of infection with Shiga’s bacillus was encountered. By means of control 
cases Macumber concludes that no evidence could be obtained indicating 
that polyvalent serum therapy was of value. The mortality for the entire 
series was 6.5 per cent, relatively more deaths being due to infections 
caused by Sonne’s bacillus. Careful microscopic studies were made of 
the pathologic material obtained in 13 cases. The results of these are 
given in detail. This report is of particular interest inasmuch as the 
mortality figures are based on the results of treatment before the use of 
chemotherapeutic agents. A report from the Netherlands East Indies 
is of interest. Esseveld and his colleagues studied 64 cases of mild 
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dysentery on the east coast of Sumatra. The feces yielded a bacterial 
strain of the Manchester type of the Newcastle dysentery organisms. 
Simultaneous bacteriologic tests on the feces from patients without 
dysentery never disclosed this strain. A report from Germany by 
Roelcke and Neuberger”^’ was received in 1941 in which the authors 
maintained that the Kruse-Sonne form of dysentery has shown a con- 
siderable increase in the past ten years. Infection caused by Shiga-Kruse 
bacilli was never detected, and the authors claim that in recent years 
Kruse-Sonne bacilli account for over 85 per cent of all cases of dysentery 
in Germany. The highest incidence was observed in children under 10 
years of age and occurred during the summer months. Kruse-Sonne 
dysenter)’’ occurred as frequently as infection caused by paratyphoid B 
organisms. A most unusual clinical manifestation of bacillary dysentery 
is described in a report by Thorne and Estabrook.^^® A major outbreak 
of diarrheal disease and infectious jaundice occurred in a Vermont state 
school, an institution with a capacity of three hundred and eighty beds. 
During a ten month period there were three distinct phases, which 
occurred as follows : Thirty-two patients showed symptoms of dysentery 
alone during the first phase of the epidemic ; 26 patients showed dysentery 
and jaundice later, and subsequently 62 patients presented jaundice alone. 
Flexner's organisms were demonstrated in 50 patients having dysentery 
alone, in 2 patients presenting dysentery and jaundice together and in 
5 patients presenting jaundice alone. The organisms were also found 
in 14 symptom-free carriers and were demonstrable in stool specimens 
intermittently for weeks or months after the end of the acute epidemic. 
The authors are careful to avoid drawing any conclusions as to the rela- 
tion between the jaundice and the infection with dysentery bacilli, which 
were probably introduced by a symptom-free carrier and spread by 
improperly disinfected clothing passing through a central laundry. 

Therapeutic measures to be considered in the treatment of bacillary 
dysentery at present include serum therapy and the use of bacteriophages 
and various chemotherapeutic agents. A comment has already been made 
on what appear to be carefully controlled reports following the use of 
polyx^alent antiserum. The use of dysentery bacteriophages is discussed 
by Klieve and Helmreich and by Soesman.-^° The former article 
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reports the results obtained by German physicians in Poland. These 
authors believe that opinions about the value of bacteriophages in the 
treatment of dysentery are divided because the bacteriophages differ in 
efficacy. It has been found that not only the bacilli vary in different 
epidemics and endemic foci but probabl}^ the bacteriophages. In Poland 
the authors observed that local strains of bacteriophage produced lysis in 
all strains of dysentery bacilli obtained locally, whereas bacteriophages 
brought in from Germany did not. They believe it highly important to 
use a potent polyvalent mixture produced from locally obtained strains. 
The prophylactic value of their bacteriophage mixture was tested, and it 
was noted that in the course of eight weeks following the administration 
of the mixture, dysentery developed in 10 of 250 controls, whereas not a 
single man of the 113 who had received prophylactic treatment had the 
disease. During the course of an epidemic it was proved that bacteri- 
ophage therapy was effective in cases of mild or moderately severe infec- 
tion caused by Flexner Y organisms. The treatment was not so effective 
in the cases of most severe infection. It is of interest that apparently 
the administration of bacteriophage was successful in the treatment of 
carriers. Similar results appear to have been obtained by Soesman, who 
treated 50 patients with bacillary dysentery with polyvalent bacteriophage 
during an epidemic in the Netherlands East Indies. The author con- 
sidered that in most instances severe symptoms disappeared more rapidly 
than in untreated patients. All of the patients in this group recovered. 

The use of sulfonamide compounds in the treatment of intestinal 
infections was to have been expected and has already been productive 
of important results. Of the various preparations, sulfaguanidine 
(sulfanilylguanidine) has received the most attention, inasmuch as it 
was hoped originally that the action of this drug would be largely confined 
to the intestinal tract. According to the original report of Marshall and 
his collaborators (1940), the drug in mice and dogs is poorly absorbed 
from the intestinal tract, and subsequent studies by Corwin sub- 
stantiate this result in the case of dogs and monkeys. A species difference 
definitely exists, however, and later reports indicate that an appreciable 
amount of the drug is absorbed in human beings and may, at times, 
produce toxic symptoms. Such a discrepancy is noted, for example, in 
the report of Beling and Abel,-^^ who demonstrated urinary excretion 
of sulfaguanidine by human beings in amounts ranging from 29 to 66 per 
cent of a total ingested dose with the exception of 1 subject who excreted 
96 per cent of the drug. The authors are agreed that the compound is 
effective in reducing the total number of colon bacilli in the stools, 
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although the growth of anaerobic bacteria is not influenced. Corwin, 
among others, noted that the drug did not cause a decrease in the total 
number of organisms, although it caused a marked suppression of gram- 
negative bacilli and permitted a concomitant increase in gram-positive 
cocci. In animal experiments Bloomfield and Lew showed that the 
drug, even when administered in small doses, had a striking prophylactic 
effect against the spontaneous development of ulcerative cecitis in rats, at 
the same time preventing any loss of weight, although the disease devel- 
oped in untreated rats and the animals showed evidence of profound 
nutritional disturbances. These authors suggest the trial of this or 
similar drugs as a prophylactic measure in military establishments. 
Comparative studies on the effects of sulfanilamide, sulfap)widine 
(2- [paraaminobenzenesulfonamido] -pyridine) , sulfathiazole (2- [para- 
aminobenzenesulfonamidoj-thiazole) and sulfaguanidine were made by 
Lawrence and Sprague,^^^ who used these drugs to determine in animals 
their effect against colon-typhoid-dysentery organisms. Feeding the 
several compounds in the diet to mice caused with a single exception a 
significant reduction in the number of coliform organisms normally 
present in the intestinal contents ; sulfanilamide apparently had no effect. 
From Mexico comes a report by Aquilar on the use of sulfapyridine 
in the treatment of mucosanguineous colitis. This author reports excel- 
lent results following the administration of sulfapyridine in some 200 
cases. Keeley and McCord investigated the absorption of sulfa- 
guanidine from the colon after administering it through well functioning 
colostomy openings. The authors conclude that the drug in the form 
of an aqueous suspension when introduced directly into the large bowel 
through a colostomy stoma is not absorbed from the left half of the colon 
in human beings. 

The therapeutic trial of sulfonamide compounds in acute intestinal 
infections is reported by various writers. Valdes and Sosa-Gallardo 
employed sulfathiazole in the treatment of 43 children with bacillary 
dysentery (17 with Shiga dysentery, 6 with Flexner dysentery and 20 
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with Sonne dysentery). There were no deaths, and tenesmus, colic and 
other disturbances disappeared within six to eight hours after ingestion 
of the drug. The number of evacuations decreased and became normal 
before seventy-two hours had elapsed. The authors gained the impres- 
sion that infectious diarrhea which proved refractory to sulfathiazole 
should be considered of nondysenteric origin. A report from Cooper 
and his associates presents the results of sulfathiazole treatment of 
acute diarrhea in 123 infants and children. An analysis of the results 
showed that the drug was of therapeutic value in patients whose stools 
were positive for Shigella paradysenteriae but was without demonstrable 
effect in the treatment of patients whose stools were negative for this 
organism. The data indicated that sulfathiazole hastened the disappear- 
ance of S. paradysenteriae from the stools of the treated patients. 
Seventeen of 34 patients who did not receive sulfathiazole had cultures 
of stools which were positive for these organisms on discharge from 
the hospital, while only 1 of 17 patients treated with the drug had cultures 
which were thus positive at the time of discharge. A careful control 
experiment was carried out by Anderson, Cruickshank and Walker,*'*® 
who administered sulfaguanidine to alternate patients suffering from 
attacks of Flexner dysentery. Of the total of 96 patients, 41 received 
the drug and 55 were untreated controls. The results on the drug- 
treated patients were excellent. In a case 'of typical severe dysentery 
thus treated the patient’s condition improved in twenty-four hours after 
receiving the drug, and by the thirteenth day practically all symptoms 
had disappeared. Bowel movements were much less frequent within two 
days, although blood and mucus often persisted in the stools for three 
or four days. Convalescence was much shorter than in the untreated 
patients, and treatment with the drug in the acute stage apparently 
prevented the convalescent carrier state, which was present in about half 
of the untreated patients. A smaller but similar control experiment was 
carried out by Hall on 30 patients suffering from dysentery due 
without exception to Hiss Y bacilli. Of the 30 patients, all but 5 were 
infants or children. The results on the drug-treated patients were 
excellent, and all but 2 had a dramatic response in about twenty-four 
hours. In the control group the course of the disease followed that 
which had been observed in the past, and there was 1 death. In the same 
report the authors record the effects of a similar course of treatment in 
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5 patients with infection caused by typhoid organisms. In this group 
apparently the drug was completely ineiffective, a result which has been 
observed by all other investigators. Of particular importance in the 
present war emergency is the report of Rantz and Kirby who observed 
the results following sulfaguanidine therapy in the treatment of dysentery 
carriers. Eleven carriers, picked up in a recent survey in San Francisco, 
were treated with an average dose of 50 Gm. administered over two to 
six days. In 9 of the 11 persons dysentery bacilli disappeared from the 
stools during treatment and could not be demonstrated in subsequent 
periods of study varying from thirty to ninety days. In 2 instances the 
treatment appeared to be ineffective even after three courses of therapy. 
It is important to note that all of the patients remained ambulatory and 
continued to work while being treated. 

The newest member of the sulfonamide compounds to be utilized 
in the treatment of intestinal infection is sulfasuxidine (succinyl- 
sulfathiazole). Thorough pharmacologic studies by Miller and asso- 
ciates have demonstrated that succinylsulfathiazole administered 
orally to dogs has little toxicity; that it is poorly absorbed from the 
intestinal tract, so that only an average of about 5 per cent or less of 
the ingested drug is excreted by the kidneys ; that its action is essentially 
in the intestinal tract, affecting principally the contents of the bowel; 
that it has a marked effect in altering the bacterial flora, as demonstrated 
by the reduction in the count of E. coli and related organisms, and that 
in therapeutic doses it profoundly alters the feces, which become semifluid 
and practically odorless. It has also been observed that dysentery 
bacilli, including Shiga, Flexner and Sonne strains, are susceptible to 
its antibacterial action, and the fact that the feces become relatively 
odorless indicates marked inhibition of anaerobic proteolytic bacteria. 
Reports by Poth and his collaborators form the basis for such con- 
clusions. These authors have used as a preliminar}’- working dose in 
human beings 0.25 Gm. per kilogram per day administered orally. They 
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have found that there is a significant lowering of the coliform organisms 
in 90 per cent of instances after the administration of the drug in 
adequate doses. The medication has been efifective in the presence of 
extensive ulcerating lesions of the bowel, and they suggest the adminis- 
tration of succinylsulfathiazole for the preoperative preparation of 
patients requiring surgical procedures on the gastrointestinal tract and 
for the treatment of acute intestinal infections, such as typhoid fever 
and dysentery. All the evidence at hand seems to indicate that the 
action of the drug is limited essentially to its local effect on the contents 
of the gastrointestinal tract. Sitch has been the experience' of various 
investigators, including my own. From unpublished data it appears 
that the drug is of no value in the treatment of typhoid fever, as is 
shown by Kirby and Rantz.-^^ These authors administered the drug 
to normal persons and to typhoid and to dysentery carriers, and the 
results are compared to those following the administration of sulfa- 
guanidine. Succinylsulfathiazole was given to 11 persons in the dose 
suggested by Poth and associates in the articles just referred to. Three 
of the subjects were apparently normal; 3 were typhoid carriers, and 
5 were dysentery carriers. Although the drug produced a decided 
alteration of physical characteristics in the bacterial flora of the stools, 
typhoid bacilli remained viable in the stools of the 3 carriers during 
two weeks of drug therapy. In the case of dysentery carriers the bacilli 
disappeared from the stools during the administration of the drug and 
remained absent for periods varying from thirty to sixty days. It 
would appear that this new drug, which is now available, offers a 
distinct advantage in the treatment of many acute intestinal infections, 
particularly those due to the d)'’sentery-like bacilli. Further reports on 
its effectiveness should receive careful scrutiny. Because of the minimal 
amount of absorption from the gastrointestinal tract, its use should be 
associated with few toxic symptoms, and for this reason it should prove 
preferable to sulfaguanidine. 

The treatment of lymphogranuloma venereum by sulfonamide com- 
pounds is considered by Palmer, Kirsner and Rodaniche."®® In addition 
to an excellent discussion of the disease in the clinical and the subclinical 
form, the authors present their impression of the results of chemotherapy. 
They believe that treatment with sulfanilamide and sulfaguanidine is of 
definite value, particularly in those cases in which there is no stricture 
formation, but warn that prolonged administration of the drugs ma} 
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be necessary. On the basis of experimental and clinical evidence they 
conclude that the sulfonamide compounds are unable to destroy all 
the virus in the body but that they do tend to inhibit its action. Six 
patients suffering from proctitis due to lymphogranuloma venereum 
were treated with sulfaguanidine by Cahizares and Morris.^"® Their 
results coincided with the impressions gained by Palmer and his asso- 
ciates. Those patients with simple inflammatory proctitis experienced 
subjective and objective improvement, which was not noted in the 
patients with narrow fibrotic strictures. Such a result is not surprising 
and serves to indicate the wisdom of early diagnosis and treatment 
of this not uncommon condition before rectal strictures develop. 

Continued studies reveal the great importance of stools as a source 
of infection in poliomyelitis. One of the latest reports is' that of 
McClure,-®' who was able to obtain five “takes” after inoculation of 
monkeys with material obtained from stools of 17 patients with typical, 
abortive or atypical suspected poliomyelitis. All of the successful 
passages were from stools of infants under 2 years of age. No answer 
has yet been obtained to the question as to what conditions are necessary 
for the poliomyelitis virus to remain infectious in stools. As a public 
health measure the subject warrants prolonged and thorough investi- 
gation. 

A rather unusual report having to do with the bacterial flora of the 
intestinal tract is contained in an article by Bergeim and his col- 
leagues,®®® who noted that there was a 57 per cent recovery of Bacillus 
prodigiosus from the large intestine in man when such bacteria were 
ingested with a given amount of olive oil. Only 11 per cent recovery 
was obtained when the bacteria were ingested with butter fat and less 
than 2 per cent when taken with an equal amount of an alcoholic extract 
of butter fat with a higher butyrate content. Concentrations of butyric 
acid inhibiting growth or killing bacteria at different values are 
reported for about twenty organisms, including many which occur 
normally or pathologically in the intestine. 'Such studies may indicate 
a further method of possible therapeutic control of the intestinal flora. 
In a somewhat similar form of study Portis and Fishbein ®®® noted that 
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the ingestion of 24 ounces (720 cc.) of grape juice dail}'- increased the 
number of gram-positive organisms in the stools in a consistent fashion, 
along with the acidophilus bacilli. The effect of the continued use of 
this preparation in 50 persons who tended to complain of chronic con- 
stipation was striking. No laxatives were needed throughout the course 
of the experiment. 

An excellent example of an epidemiologic study of an outbreak of 
food poisoning is given by Kleeman and his associates.-®" Two cases 
of food poisoning were found to be due to smoked fish, the source 
of Avhich was eventually traced and eradicated. Samples of the food 
gaA'^e high counts of Proteus vulgaris. The principal importance of the 
article lies in the attention that it draws to the hazards concerned in the 
distribution of perishable foods, such as fish. 

An explanation of the favorable effect of pectin on infectious 
diarrheas caused by intestinal pathogens is the subject of a report by 
Werch and associates following studies on various intestinal 
pathogens, such as the typhoid-dysentery group. The authors present 
evidence, which seems reasonably convincing, that pectin, galacturonic 
acid and their decomposition products manifest bactericidal, as well as 
bacteriostatic, activity. They believe that the influence of pectin on the 
pH of the intestinal contents is the most probable explanation of its 
antibacterial activity. 

Regional Enteritis . — ^Although the cause of regional enteritis still 
remains an unknown quantity, continued clinical investigations bring 
into clearer relief the various manifestations of this unusual disease. 
A report by Wirts and Lyon -®- on 71 cases encountered at six teaching 
hospitals in Philadelphia constitutes a satisfactory summary of clinical 
knowledge of the condition at the present time. In all cases the patients 
had been operated on. Of 27 considered to have the advanced form of 
the disease, one third had had appendectomies at an average time of 
twenty months prior to the major operation. The remaining 44 patients 
Avere considered to have had an early form of the disease, and the 
majority in this group before operation had conditions giAi’cn the diag- 
nosis of acute appendicitis. A resemblance to the last-named disorder 
seems to be one of the most typical characteristics of the condition, and 

260. Kleeman, I.; Frant, S., and Abrahamson, A. E.: Food Poisoning Out- 
breaks InA'olving Smoked Fish ; Their Epidemiology and Control, Am. J. Pub. 
Health 32:151, 1942. 

261. Werch, S. C ; Jung, R. W.; Plenk, H.; Day, A. A., and Ivj^, A. C.: 
Pectin and Galacturonic Acid and the Intestinal Pathogens, Am. J. Dis. Child. 
63:839 (May) 1942. 

262. Wirts, C. W., Jr., and Lyon, B. B. V. : The Incidence of Regional Ileitis, 
Am. J. Digest. Dis. 8:246, 1941. 



JONES— GASTROENTEROLOGY 


663 


the confusion in diagnosis illustrates the difficulty with which the early 
stages of the condition are recognized. The authors have collected 17 
other cases, in which the evidence was not sufficiently complete to 
warrant an absolute diagnosis of regional enteritis. In these cases the 
patients were not operated on, although the diagnosis was reasonably 
certain on the basis of signs, symptoms and laboratory studies. Partial 
or complete relief of symptoms in this group was obtained in essentially 
one half of the patients, who were maintained on a medical regimen. 
The authors conclude that it is highly probable that the early form of 
the disease does not necessarily progress to the advanced state. 
Certainly, a review of the available literature indicates that in a fair 
number of patients immediate radical surgical intervention is not 
warranted, even in the presence of an adequate diagnosis and that 
conservative measures are still justified in the absence of any exact 
knowledge as to the cause of the disease. Such conservative measures, 
however, are justified only in those instances in which it is possible to 
maintain a constant watch over the individual patient. Brown and 
Donald,'®^ on the contrary, believe that in every case surgical removal 
of the diseased segment of bowel is indicated, and there can be no doubt 
that the characteristic course of the condition, with its remissions and 
exacerbations similar to those encountered among patients with peptic 
ulcer and chronic ulcerative colitis, cannot be forgotten. In the report 
of these authors on 178 patients one again finds an excellent summary 
of the present information concerning the disease, including comments 
on its incidence, the distribution of its lesions and its progress. One 
important therapeutic note in this report is the statement by Brown and 
Donald that the most important feature in the postoperative care of the 
condition is the maintenance of a high protein diet which is supple- 
mented with the vitamin B complex. There can be no doubt that this 
is a most important consideration, and too frequently the necessity of 
carr}dng out careful nutritional therapy after the removal of an 
appreciable amount of the absorptive surface of the small bowel is not 
observed, with resulting disability and occasionally the development of 
serious nutritional disorders. 

It is not too common to encounter massive hemorrhage in asso- 
ciation with regional enteritis. Fallis'®^ reports 1 case of such an 
occurrence, the only one in a group of 27 patients in whom operation 
was performed because of repeated and profuse intestinal bleeding. 
The condition was not suspected until a laparotomy was performed. 
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One set of experiments by Poppe has more or less succeeded in 
reproducing some of the features of enteritis and is quite similar to some 
other experiments carried out within recent years. In dogs the author 
was able to produce acute and chronic enteritis, with some additional 
involvement of the colonic mucosa, by obstructing the lymphatic drainage 
of the ileocecal segment of the intestine. Ulcerating lesions could be 
produced without the injection of any bacteria, but the injection of non- 
pathogenic bacteria into the mesenteric lymph nodes appeared to produce 
acute, generalized enteritis, rather than the chronic ulcerating form. 
Such experiments suggest the possible mechanism underlying the pro- 
duction of regional enteritis but unfortunately do not contribute any 
definite evidence of its causation. 

Nonspecific Ulcerative Colitis . — The question of the causation, diag- 
nosis and treatment of chronic ulcerative colitis continues to be the basis 
of investigation and speculation. Various diagnostic methods are well 
discussed by Paulson.^®® In his critical analysis of the various pro- 
cedures he stresses the need for complete studies, including a search for 
specific micro-organisms, parasites and viruses. The seriousness of 
ulcerative colitis is such that a perusal of Paulson’s article is worth while, 
largely because it presents all of the various aids that may be utilized 
from time to time in evaluating a given case. 

The frequency with which this disease may be encountered in young 
children is not generally recognized. For this reason the report by 
Elitzak and Widerman should be mentioned. Twent 3 *-seven patients 
were observed in an age group ranging from two weeks upward. Eight 
of the patients died, and most of the fatalities occurred in infants under 
the age of 1 year, the duration of the disease in these patients varying 
from six days to one year. In 5 of the surviving patients the disease 
showed no symptoms of activity for a long time and the lesions seemed 
to be healed. In spite of this small group of cases of apparently arrested 
disease the authors properly point out that the prognosis must be guarded 
because of the characteristic tendency toward relapses and recurrences. 
Occasional instances are reported of a familial occurrence of the condi- 
tion. Jackman in a review of 900 cases found that less than 2 per 
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cent were encountered in which 2 or more members of a family had the 
disease. Detailed reports are given by him on 2 families, which are of 
some interest. In the first famity 2 young brothers reported that the dis- 
ease became evident at the same time, almost to the day, sixteen months 
prior to examination by a physician. The results of sigmoidoscopic and 
roentgen examination of the 2 patients were almost identical. In a 
second family 3 young members were involved by a severe process which 
ended fatally. 

The close relation between certain aspects of ulcerative colitis and 
psychologic disturbances is fairly generally recognized. Daniels in a 
careful psychiatric study of 25 persons suffering from the disease comes 
to what is usually the accepted conclusion — that except for the basic 
factors relating emotions to disturbances of the large intestine, the psy- 
chophysiologic mechanism of ulcerative colitis is not understood. He 
does make one important observation, which should be clear to all physi- 
cians familiar with the variations in the disease, namely, that recurrences 
may bear a significant relation to emotional disorders and at times the 
symptoms mask a severe depression. He also points out the fact still 
too infrequently considered that in many instances there is a direct rela- 
tion between the severity of the physical reaction of the disease and the 
underlying psychopathologic condition. 

The relation between ulcerative colitis and allergic disturbances is 
also fairly well recognized. Many obseiwers are convinced that it is not 
a primary allergic phenomenon but that allergic manifestations are 
important complications of the condition. Andresen,-'^® however, is con- 
vinced that in a large proportion of patients suffering from ulcerative 
colitis the disease develops solely on the basis of abnormal sensitivity to 
food allergens. He regards the resemblance between the mucosal lesions 
of ulcerative colitis and allergic reactions of the skin as quite obvious. 
The results obtained by Andresen in a series of 50 cases cannot be 
ignored and undoubtedly reflect the excellent care which the patients 
received. The article, however, is not convincing as a demonstration of 
the origin of the condition. Nevertheless, the details involved in the 
treatment outlined by this author should be read with care and should 
form the basis of helpful therapy in many instances. 

The complications encountered in the course of ulcerative colitis are 
known and have been frequently described by Bargen and others, but 
the number of patients with this disease encountered by the average phy- 
sician in practice is relatively small. For this reason it is quite proper 
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in a review of this sort to mention periodically some of the less usual 
manifestations of the condition. One of the not too uncommon complica- 
tions is associated arthritis, which can usually be properly classified as 
rheumatoid in nature. As has been pointed out by other authors, the 
activity of the arthritic process is apt to coincide with exacerbations of 
the colitis, and favorable results following colectomy, as far as the course 
of the arthritis is concerned, are usually to be expected. Presumably, 
in such instances the colon actually behaves as a focus of infection. One 
such instance is adequately described by Wright.^’^ Bargen’s contribu- 
tion to knowledge of the clinical manifestations of the disease has been 
outstanding. In a recent note,-"- he calls attention to a most unusual 
complication, namely, nephrolithiasis. In all 6 cases reported by the 
author renal stones apparently deA^eloped some years after a permanent 
ileostomy had been performed. In 4 instances the renal calculi were 
bilateral, and in each instance infection of the urinary^ tract was pr^ent. 
It is of incidental interest that in 3 cases the patients suffered from fre- 
quent attacks of arthritis. The mechanism underlying the formation of 
such calculi is not clear and might well fonn the basis of careful studies 
on the metabolism of calcium and phosphorus in ileostomized subjects. 
A further report by Hopping and Bargen -'® describes the condition as 
a disease of complications, and in addition to mentioning personal diffi- 
culties, also notes the exliibition of other conditions, such as arthritis, 
cardiac disease, iritis, erythema nodosum and nephritis. Another not 
infrequent clinical manifestation associated with chronic ulcerating dis- 
ease of the colon is that o£^ cutaneous changes. Felsen-"* reports 3 
instances of a rather unusual type of cutaneous manifestation complicat- 
ing this disease. In each case during an exacerbation of the colitis 
multiple areas of cutaneous necrosis, generally discrete but sometimes 
confluent, appeared. The lesions started as small, painful, reddened 
papules, in which subsequently developed a central zone of necrosis and 
ulceration. In all of the lesions the floor of the ulcer was formed by 
muscle or fascia. Besides the rapidly necrotizing character of the lesions, 
two striking features were the depth and the extension of the subcu- 
taneous involvement. Cultures of material from the lesions revealed 
the presence of E. coli. Staphylococcus aureus and nonhemolydic strepto- 
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cocci; no anaerobic organisms were found. Elsom and his colleagues 
call attention to a phenomenon already pointed out by Mackie that is 
of particular interest in cases of complicated ulcerative colitis. In 7 
ileostomized patients nitrogen balance studies were carried out, and it 
was shown that the nitrogen excretion in the ileal discharge was abnor- 
mally great in 4 of them. This finding is entirely in keeping with the 
frequent demonstration of transient changes in the terminal portion of 
the ileum suggesting an actual disease process. As these authors point 
out, however, roentgen and clinical evidence of ileal involvement prac- 
tically always disappears coincident with clinical improvement of the 
underlying colitis, and it is highly probable that it is a nutritional dis- 
turbance, rather than any actual inflammatory disease of the small 
intestine. 

The etiologic role of “Bacterium necrophorum” in ulcerative colitis 
has been studied for some time by Dragstedt and his collaborators.^'^® 
A summary of the work, with a discussion of the complicating factors, is 
of interest but leaves one with a good deal of doubt as to the final sig- 
nificance of the results. Similarly, a clinical study by Henderson, Pink- 
erton and Moore concerning “Histoplasma capsulatum” as a cause 
of the disease is to be mentioned. 

Therapeutic measures that apparently have been efficacious in the 
hands of different investigators are numerous. Whether one agrees 
with the specificity of the measures employed, it is of interest to mention 
them in the hope that subsequent experience will make it possible to 
evaluate their importance. Winkelstein and Shwartzman claim that 
they obtained marked improvement in 20 of 29 patients with nonspecific 
ulcerative colitis after the use of a concentrated and purified antitoxic 
E. coli serum. Weiss, Slanger and Goodfriend believe that they have 
observed excellent results following the use of mixed vaccines prepared 
from cultures of material taken from the nose, throat and rectosigmoid 
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mucosa. Obviously, no specificity can be claimed for such a measure. 
Streicher has observed the results following the use of azosulfamide 

(disodium 4-sulfamidophenyl-2'-azo-7'-acetylamino-r-hydroxynaphtha- 
lene-3', 6'-disulfonate) and sulfathiazole and has come to the conclusion 
that little or no improvement is obtained by the use of these preparations, 
except in cases of mild disease. He is of the opinion that medical treat- 
ment for the most part is indicated in this disease and limits the use of 
ileostomy, with or without colectomy, to those patients in whom the colon 
has undergone irreparable change. Recent reports on sulfonamide ther- 
apy have to do principally with the use of sulfaguanidine. Kirsner and 
his associates conclude that the use of this drug in chronic, nonspecific 
ulcerative colitis has not yet yielded any striking therapeutic results. 
Variable results were obtained by Stickney, Heilman, Bargen and 
Hearing on a group of 46 patients. They also feel that it is impos- 
sible to state with any degree of certainty that the drug is responsible for 
the favorable response obtained in some of their patients. Many failures 
were observed, and they feel that the exact place of sulfaguanidine in the 
progress of • the therapy of ulcerating intestinal disease has not been 
established. In view of previous favorable reports the article by Shiffer 
and Ferguson regarding the use of a concentrated liver extract and 
vitamin B^ is of interest. These authors consider that these medications 
have contributed nothing to the treatment of this disease, except possibly 
from the point of view of replacement. 

Parenthetically, it will not be amiss to stress again the striking mani- 
festations of deficiency disease so frequently noted as a secondary 
manifestation of prolonged diarrhea. Frequent attention has been called 
to this circumstance,' and the necessity for replacement therapy cannot 
be too strongly emphasized. Additional articles mentioning such mani- 
festations have been presented recently by Molina,^®^ Diaz y Rivera,-®® 
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Oettel and Thaddea and Bercovitz^^^ These articles deal with mani- 
festations of avitaminosis A and Bi, prolongation of prothrombin time, 
hypoproteinemia and avitaminosis C, respectively. 

Appraisal of medical versus surgical therapeutic measures is still 
difficult. The complications following ileostomy and colectomy, as pre- 
viously indicated, should not be ignored. There can be little doubt that 
there is a real place for radical surgical intervention in this condition, but 
as a rule its undertaking is unwise unless adequate medical measures 
have failed to control the situation. In many instances medical measures 
suffice to maintain a patient in relatively good health, but it seems proper 
to point out that maintenance of life alone by medical means is not a 
justification for the continuation of medical treatment. Once a patient 
with ulcerative colitis fails to maintain himself as a useful, ambulatory 
individual, it is important to recognize that medical therapy has failed 
and that an indication exists for proper surgical intervention. Perusal 
of the articles by Reed and Rochex,^®® Elsom and Ferguson and Cave 
and Thompson should prove woi'th while, as they all contain interest- 
ing discussions of this moot question. 

Cancer of the Colon and the Rectum . — Examples of malignant lesions 
occurring in early life continue to multiply. Kennedy,®”^ Costing,®®^ 
Laird and Pennell and Martin report the occurrence of such malig- 
nant manifestations in infants and children. The report of Kennedy is 
particularly pertinent inasmuch as he records 49 cases of rectal and colonic 
polyps in infants and children. The patients ranged in age from 6 
months to 13 years, and the lesions were visualized by proctoscopic or 
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roentgen examination. The hereditary character of polypoid disease of 
the colon is mentioned, as well as the tendency to malignant degeneration. 

A critical commentary on the tardiness with which rectal cancer is 
diagnosed is made by Braund and Binkley on the basis of 108 
unselected patients. The facts presented are not new but deserve com- 
ment. Symptoms had been present for an average period of eight to ten 
months before the patients sought medical advice. Of 100 patients the 
disease was diagnosed without undue delay in only 25 after they were 
referred to a physician. For the remaining 75 there was an additional' 
average delay of between nine and ten months, during which time they 
received inadequate and improper therapy. Twenty patients had not had 
a rectal examination, although more than 90 per cent of rectal cancers 
were within reach of the examining finger. Thirty-seven had been 
examined digitally but improperly, with the result that no mass was 
detected before the patients were referred to the clinic. Forty-six of the 
100 patients saw between two and five physicians before being referred 
for a final diagnosis. In the face of such facts, which unfortunately are 
not unusual, it is small wonder that the early diagnosis of cancer still 
leaves much to be desired. 

Unlike cancer of the stomach, recognition of metastases in the 
presence of cancer of the colon and the rectum seems to be readily accom- 
plished by the exploring surgeon, as shown in a study by Mayo and 
Schlicke.^®® In those cases in which death occurred shortly after resec- 
tion, no metastases were encountered at necropsy in more than four 
fifths of those cases in which none was found at operation. Residual 
cancer was encountered in only 5 per cent of the cases in which death 
occurred shortly after resection. An important comment is made by 
these authors when they state that in their opinion independent growths 
are frequently responsible for many “recurrences.” For this reason, 
they suggest that whenever a carcinoma is encountered in any portion of 
the colon or the rectum, the presence of a second carcinoma must be 
carefully ruled out. A study by Coller, Kay and MacIntyre similar to 
the one already reviewed on regional lymphatic metastases of car- 
cinoma of the stomach by the same authors is presented in relation to 
the colon. Here again, a large number of specimens of cancer of the 
colon were carefully studied, with a minute examination of the regional 
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lymph nodes. An average of 52 nodes were isolated in each specimen 
and were examined for metastatic involvement. Two thirds of the speci- 
mens showed such involvement. There was no essential difference in 
the spread noted in carcinoma of the right half and of the left half of the 
colon. As a careful anatomic study this report should be read by all 
surgeons. An unusual association of rectal cancer is mentioned by 
Nordlander,^®® who reports a group of cases in which primary cancer 
was encountered simultaneously in the uterus and in the rectum. 

Because of the frequent occurrence of cancer of the rectum an article 
by Bowling and Dixon on advances in the treatment of this disease 
is significant and encouraging. One important comment on therapy lies 
in the statement that electrosurgery, or actual cauterization, radium 
therapy and roentgen therapy are not competitive measures but are 
decidedly complementary in nature. Reason for the hope that early diag- 
nosis of carcinomatous lesions of the colon and the rectum will be asso- 
ciated with successful therapy is illustrated in the statistics presented by 
Bargen and his collaborators.^°° Of 61 patients on whom operations 
were performed for carcinomatous lesions less than 2.5 cm. in diameter 
(in other words, early lesions), 28 were living at the end of five years 
and 24 at the end of seven years. It is of incidental interest to note that 
in 47 of the 61 patients the lesions were located within easy reach of the 
examining finger or of a sigmoidoscope, an indication of the necessity 
for early examination. 

Previous mention has been made of carcinoid tumors, most of which 
occur in the appendix. Waugh and Snyder mention that only 11 
carcinoid tumors of the colon have been reported, in 5 of which the lesion 
was in the cecum. The authors report 1 additional case, in which the 
cecum was involved. 

Although admitting that it is generally held that radical surgical 
intervention is the measure of choice in the treatment of multiple pol- 
yposis of the colon, Vanzant recommends the employment of roentgen 
therapy. He reports 2 cases in which the condition appeared to respond 
favorably to irradiation. Whether such a measure is justifiable remains 
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Open to some question, but there can be little doubt that irradiation 
therapy of cancer of the rectum is at times justified. Such treatment 
probably should be used only as a palliative measure, however, and the 
results of irradiation are carefully presented by Sharp.®°® In addition, 
he records apparently favorable results, with eradication of the growth 
by irradiation, in 13 patients who were followed up for four to eight 
years. This group received high voltage roentgen therapy to skin 
tolerance combined with implantation of seeds. 

Cases of malignant growth of the anus are not too frequent. For 
this reason the report by Lawrence of 2 instances of. basal cell epi- 
thelioma of the anus are worthy of comment. Apparently, only 4 cases 
have been previously reported. 

Appendicitis . — The causes leading to acute appendicitis are still not 
entirely understood. For this reason the study by Dennis on the 
physiologic behavior of the appendix in human beings and the problem 
of appendicitis is of more than academic interest. This author attempted 
experiments on 272 excised appendixes in order to determine the con- 
tractility and the resistance to flow through the lumen of the organ. 
Evidence is presented that acute, suppurative appendicitis, but not gan- 
grene, may be initiated by spasm of the portion of the muscle wall of the 
appendix, although the stimulus for this spasm is not known. The 
author found that inflamed appendixes presented an average resistance to 
outflow of fluid through the appendix into the cecum which was twice 
that observed in normal specimens. Figures obtained on “interval” 
specimens fell between these two values. Appendical pain, Dennis 
believes, including the pain radiating to the right lower quadrant of 
the abdomen, is largely due to tension on the muscular wall of the organ 
and may be ameliorated by epinephrine. He states that seepage of 
infected fluid through the appendical wall occurs at levels of intraluminal 
tension commonly reached in appendicitis, and he offers this as an 
explanation of many cases of peritonitis without rupture. Rupture of 
the organ during an acute attack he believes to be due to digestion of the 
wall, inasmuch as the normal appendical wall can withstand an intra- 
luminal tension of 2 atmospheres. Completely obstructed appendixes, he 
believes, may remain uninflamed because oLloss of the secretory power 
of the mucosa. 
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The relation between oxyuriasis and appendicitis continues to attract 
attention, and reports by Schwarz and Straub, Morehead and 
Ashburn attest to the frequency with which this association is encoun- 
tered. Of extreme importance is the report of Straus on 2 cases in 
which infectious mononucleosis simulated accute appendicitis. It is not 
generally recognized that this infectious disease may at times be asso- 
ciated with fulminating attacks of abdominal pain. That such may be 
the case is illustrated by Straus’s report. In 1 case atypical hyperplasia 
of the lymphoid tissue of the appendix was described, which was identical 
with the lesions encountered in the lymph glands of patients with infec- 
tious mononucleosis. Inasmuch as this disease is characterized by typical 
changes in the blood smear, it is important to emphasize the necessity 
of careful examinations of the blood in cases of acute conditions in the 
abdomen before resorting to surgical procedures. 

The frequency of occurrence of acute appendicitis is illustrated in a 
statistical report by Petren,®^° who describes the incidence of this con- 
dition in southwestern Sweden and refers to a similar statistical study 
by Q'uensel. According to these authors, it would appear that if one 
takes the life span as a whole, 12.5 per cent of the total population could 
be expected to have acute appendicitis. The mortality from appendicitis 
still remains reasonably high due to lack of public education and too long 
a delay between the onset of symptoms and proper operative procedures. 
The improper use of laxatives undoubtedly continues to be a contributing 
cause. An unusual comment is made by Jennings and his associates,®^^ 
who suggest that the factor of fatigue on the part of the operating room 
team, the surgeon and the patient may be of importance in bringing about 
the death of the patient. They suggest that after admission to the hospi- 
tal and diagnosis, night operations be avoided in the absence of signs 
of spreading peritonitis, in order to overcome the aforementioned factor 
and to adjust the frequently disturbed electrolyte balance of the patient. 
These authors, in conjunction with many others, strongly recommend 
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the wider use of the McBurney incision. The use of sulfanilamide pow- 
der in the wound has cut down minor complications in the absence of 
drainage and has permitted a tighter closure of the incision when drain- 
age has been used. Its intraperitoneal use may be beneficial in early 
peritonitis, according to Deaver.®^^ Taylor and Hodges believe that 
it contributes little once peritonitis has developed. In a frank discus- 
sion of the causes of death from acute appendicitis Aud courageously 
states that some lives might have been saved by more careful preoperative 
examination and preparation, a better selection of time for operation, a 
different type of operation and more intensive and better postoperative 
treatment. He deplores the frequent lack of adequate operative notes and 
postoperative records and is properly impressed by the fact that in 90 per 
cent of deaths in a certain area, no autopsies had been done to determine 
the exact cause of death. A plea for more general education of the public 
as a means of preventing deaths from this condition is made by Cutler 
and Hoerr,®^® who state that in their series the mortality rate from acute 
appendicitis remains the same as it did twenty-five years ago, in spite 
of advance in surgical technic. Hill and Fellman also insist on the 
fatal consequences of delay in diagnosis. In over one fifth of the fatal 
cases in their series of over 1,000 the patients received purgatives, 
although the authors believe that this does not necessarily mean that the 
purgatives caused the deaths.' They suggest the probability that the 
important factor was the delay occasioned by the patients staying at home 
and receiving family care with familiar household remedies for some time 
before consulting a physician. Education of the community and of the 
medical profession appears to have produced favorable results according 
to the report given by Carraway.®,^'^ This author believes that the reduc- 
tion in the mortality in his series is due in part to the following factors : 
a correct taking of history and careful physical examination, permitting 
an early diagnosis ; insistence that the family physician does not procras- 
tinate and that if in doubt he procure a competent consultant, and assign- 
ment of patients with peritonitis to only the most thoroughly trained and 
experienced surgeons. 
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All excellent statistical study of 671 cases of appendical peritonitis is 
given by Rogers and Faxon.®^® In the absence of a palpable mass the 
authors urge the use of a clinical basis for the appraisal of each indi- 
vidual case and feel that the success of treatment will be determined by 
ability to recognize in advance those cases in which localization of peri- 
toneal infection will or will not take place and ability to select the safest 
time for operation, together with good preoperative and postoperative 
care. The greatest mortality was noted in those patients who looked ill 
on admission and were operated on more than six hours after an incident 
interpreted as acute perforation. This appearance of being very ill they 
believe to be the most unfavorable prognostic sign; absence of active 
peristalsis they believe is next in importance, and a pulse rate too rapid 
for the white cell count is the most unfavorable laboratory finding. 
From a study of 227 cases in wliich a mass was palpable they conclude 
that operation should rarely be done under such circumstances on the 
fifth, the sixth or the seventh day of illness and that incision and drain- 
age alone should be carried out. Appendectomy should be performed 
within six weeks of this procedure. They are firmly convinced that even 
when a localized lesion has formed, the general clinical impression that 
the patient presents at entry, of being very ill or not very ill, is of more 
reliable prognostic significance than any laboratory data. 

An interesting laboratory observation is reported by Lesser and 
Kaufman.®^® In 99 cases of acute appendicitis in which the diagnosis 
was confirmed by operation, blood sedimentation rates were normal. In 
33 additional cases in which patients with conditions given a preoperative 
diagnosis of acute appendicitis were operated on, elevated sedimentation 
rates were obtained. In 18 of these cases complicating appendical 
abscesses or general peritonitis of varying degree was presented; in 15 
cases, the diagnosis of appendicitis was erroneous and extra-appendical 
conditions were encountered. The authors would seem to be justified 
in concluding that in an abdominal condition simulating acute appendi- 
citis, the finding of an abnormally high sedimentation rate should indi- 
cate either a serious complication or extra-appendical disease. 

The question of chronic appendicitis is a hardy perennial. Warren 
and Ballantine record the results of appendectomy for recurrent pain 
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in the right lower quadrant of the abdomen. Of a series of 138 cases 
in which an inflamed appendix was removed, the operative specimen in 
49 showed typical “chronic appendicitis” on histologic examination. Of 
the entire group, in about three fourths partial or complete relief of 
preoperative symptoms was experienced, but the authors take pains to 
point out that in those cases in which there were long histories or numer- 
ous attacks the percentage of good end results was not so high as in 
those in which there were short histories or few attacks. They admit 
that the mortality from the operation is low but rightfully state that the 
morbidity and the period of incapacity following operation cannot be 
ignored. For this reason they urge the adoption of a more conservative 
attitude toward operative procedures for chronic appendicitis. 

Clarke and Shapiro comment on 3 cases of acute appendicitis in 
which pain was not the first symptom. Such a clinical observation is of 
real importance. In 1 instance a shaking chill preceded the onset of pain 
by several hours; in a second, malaise and vomiting were the initial 
symptoms and lasted for some time, and in a third case, the appearance 
of pain was preceded by seventeen hours of malaise, fainting and vomit- 
ing. The necessity of an accurate physical diagnosis in the presence of 
such atypical pictures is obvious. 

From the foregoing comments and reports, it would seem imperative 
that members of the medical profession in this country take the matter 
of appendicitis even more seriously than at present and increase their 
efforts to educate not only the public but other members of their profes- 
sion as to the proper moves to be made in the treatment of this dangerous 
condition. 

Miscellaneous Observations . — ^An unusual type of observation is that 
reported by Paine and Nessa on the distribution and transport of gas 
in the gastrointestinal tract of infants and young children. Roentgeno- 
grams of the abdomen were made on 46 children, varying in age from 
a few minutes to 10 years. All of these infants and children^ were 
thought to have normally functioning digestive tracts. It was found 
that up to 18 months of age gas was distributed equally between the 
small bowel and the colon, between 18 months and 6 years of age more 
and more intestinal gas was located in the colon and less in the small 
bowel and after 7 years of age, as in adulthood, no gas was normally 
present in the small bowel. Serial roentgenograms of the abdomen were 
made on 7 newborn infants. In each case gas was observed to be already 
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present in the stomach, duodenum or jejunum by the time the fiist roent- 
genogram could be taken, as soon as possible after birth, which was 
within six to fifteen minutes and within four to six hours after birth gas 
was present in the sigmoid flexure of the colon or the rectum. 

An unusual form, of injury to the gastrointestinal tract is discussed 
by Poer and \Voliver.®^^ They comment on the problem of subparietal 
intestinal injury due to nonpenetrating abdominal trauma. A study of a 
large series of cases revealed the interesting fact that a relatively high 
percentage of injuries was due to a relatively small variety of accidents, 
which included injuries due to personal encounters, in which the patient 
was struck or kicked in the abdomen or fell on it ; the results of industrial 
accidents caused by blunt objects, and accidents concerned with transpor- 
tation, frequently with motion at a high rate of speed. Distention of the 
intestine with fluid or with food contributed to the likelihood of rupture, 
as was evidenced by the fact that many injuries were received soon after 
the patients had eaten. The necessity for early intervention is stressed. 
Duodenal rupture with fat necrosis but without evident pancreatic 
injury is a rare abdominal condition following trauma. Two cases of 
such a condition are reported by Dixon. 

A more general recognition of the dangers inherent in heavy radia- 
tion to the intestinal tract or to neighboring structures is apparent from 
recent articles. Warren and Friedman provide an excellent discus- 
sion of the pathology and pathologic diagnosis of radiation lesions in the 
gastrointestinal tract, which should be of interest not only to the patholo- 
gist but to the internist. This is particularly true since a determina- 
tion on pathologic grounds as to whether a given lesion is entirely or in 
part due to irradiation may have importance for further therapy. 
Thirty-eight cases were selected for study, including ulcers, fistulas and 
strictures which developed at sites distant from neoplastic tissue sub- 
jected to irradiation or at the site of a partially or completely destroyed 
tumor. The bowel wall was usually thickened and indurated, with an 
opaque serosa, and telangiectasia was prominent. Similar involvement 
was frequently noted in the adjacent mesentery. The mucosa of the 
bowel rarely appeared entirely normal, but usually, even in the non- 
ulcerated lesions, atrophy and fixation to the submucosa were seen. The 
degree of ulceration ranged from confluent, superficial erosions to deep, 
punched-out ulcers. Stenosis was sometimes due to diffuse sclerosis 
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with general constriction of a segment and sometimes to formation of a 
stricture at a site of ulceration. Necrosis was part of most reactions, and 
in extreme instances the reaction approached massive gangrene. The 
necessity of a knowledge of the existence of such lesions should be 
obvious to those interested in irradiation therapy. Experimental obser- 
vations were made by the same authors on the evolution of radiation 
ulcers of the intestine. The observations were made on rabbits, which 
received a coui'se of irradiation totaling 4,000 r distributed in eight to 
ten doses given approximately every other day. Lesions of the bowel 
developed slowly, and ulcerations became more marked during the second 
and the third month after therapy. The histologic findings are of interest 
but do not warrant detailed discussion. These two articles, with ref- 
erence to previous work, such as that done by Engelstad (1938) and 
Ferguson ( 1938 ), represent a real contribution. A somewhat related 
series of observations is to be found in an article by K’o, Tu and Chan.®-’^ 
These authors were interested in the possibly unfavorable effects that 
might occur during the administration of iron while patients were under- 
going irradiation therapy. Experiments were made on dogs, and it was 
found that ferrous sulfate was definitely valuable in the treatment of 
anemia as a result of chronic blood loss and caused no harmful effects 
while the animals were undergoing abdominal irradiation. When ferrous 
citrate was given in therapeutic doses under similar circumstances, gross 
intestinal lesions occurred. The lesions noted appeared to be similar 
to those described by Warren and Friedman. 

Megacolon has received a certain amount of attention during the past 
year. Etzel goes so far as to raise the question whether the disease 
complex that includes megaesophagus, megacolon and megaureter, may 
be caused by chronic vitamin deficiency. The paper is based on a 
study of 170 cases, with pathologic studies on 16 autopsy specimens, 
encountered in the region of Sao Paulo, Brazil. Degeneration in the 
intramural autonomic nervous system is believed to be the anatomic 
basis for these manifestations, and the author has attempted to link this 
with the evidence of a vitamin B^ deficiency believed to be due to the 
dietary habits of the local population. The article is far from convincing, 
but the subject matter presented offers the basis for interesting specula- 
tions. A different concept of the possible relation between disorders of 
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the nervous system and megacolon is presented by Vidal,“‘‘’ who believes 
that hypothalamic disturbances may be of some etiologic importance in 
this condition. This investigator destroyed in rats the medial preoptic 
area and the lateral hypothalamus and adjacent areas by means of a 
unipolar electrode and observed after several weeks the development of 
megacolon. In a discussion of the therapeutic measures applicable to 
congenital megacolon, Soper considers that sympathectomy should be 
discarded. He bases such an opinion on a review of the literature and 
his own personal observations, particularly in 1 case, in which presacral 
sympathectomy was followed by a marked reduction in the size of the 
colon but at the same time permitted a volvulus to occur from the mark- 
edly lengthened m^entery of the small bowel. Prior to the development 
of this acute condition in the abdomen uncontrollable diarrhea had been 
present as an aftermath of the operative procedure. He believes that 
resection of the colon, according to Dixon’s method, should be employed 
in all cases, with the possible exception of those in which the patient is 
suffering from a severe form of malnutrition. In these cases he advo- 
cates the performance of an ileostomy, with subsequent colectomy as an 
elective procedure. He records the experiences of 12 patients who have 
been treated by such a radical procedure, 

Kantor,"®^ as usual, contributes an observation of interest in the 
description of what he terms the “diaphragmatic flexure.” By this term 
he describes a splenic flexure v/hich is located directly under the left side 
of the diaphragm and which he was able to demonstrate in about 15 per 
cent of almost 1,000 patients studied. It is often associated with a 
redundant colon. This anatomic anomaly is associated with symptoms 
only when other conditions exist, such as the presence of gas due to 
colonic malfunction. When symptoms do occur in connection with this 
condition, Kantor points out that the most important ones are those 
associated with the production of heartburn, thoradc distress and cardiac 
embarrassment. The colonic origin of heartburn has heretofore been 
overlooked and is accordingly emphasized. Kantor states that the tho- 
racic symptoms occur whether or not organic heart disease is present. 
Appropriate therapeutic measures obviously must include those calcu- 
lated to bring about effective colonic evacuation. The importance of the 
article lies in the fact that here is another possible source of confusion in 
the interpretation of symptoms relating to the possible existence of heart 
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disease. I am in entire accord with the suggestions made by the author, 
and my attention has been called to such a possible source of “cardiac 
symptoms ’ by Dr. T. R. Harrison. The exact mechanism underlying 
the production of such symptoms, however, is not at all clear and should 
be studied. 

An unusual occurrence is that noted by Lemman and Paschal,®^- who 
report a case of rupture of the stomach following the ingestion of sodium 
bicarbonate. They record 31 cases of spontaneous rupture of the 
stomach reported in the literature. In this particular instance, the acci- 
dent followed the ingestion of a large amount of food and alcohol, follow- 
ing which the patient took bicarbonate of soda in generous doses for 
relief of abdominal fulness. 

An unusual source of food poisoning is reported by Frant and 
Irving and may be of some importance. These authors report five 
outbreaks of food poisoning due to cadmium, involving at least 50 per- 
sons. The syndrome was characterized by violent. acute gastritis, occur- 
ring almost immediately after the ingestion of contaminated food. The 
cadmium responsible for the outbreak was found in liquids and in food 
preparations which had come in contact with cadmium-plated utensils. 
The cadmium metallic coating on the utensils was found to be soluble 
when placed in contact with solutions of dilute acetic acid and other 
organic acids commonly found in foods. Resulting organic cadmium 
salts were formed, which when taken internally produced poisonous 
cadmium chloride when combined with the hydrochloric acid of the 
gastric juice. It would seem highly important that the plating industry 
be made cognizant of the fact that cadmium is not a suitable substance 
for the plating of utensils used for food. 

The possible harmful effects of karaya gum and other bulky materials 
frequently used therapeutically were investigated by Hoelzel, DaCosta 
and Carlson.^®^ These investigators cite the results of previous experi- 
ments by Ivy and Isaacs, who reported an absence of intestinal lesions 
in albino rats fed 1 Gm. of karaya gum daily for ninety-one days. In the 
present study a large number of animals were given somewhat larger 
doses of the gum for a longer period. Hooded rats appeared to be more 
susceptible than albino rats to the development of lesions of the lower 
portion of the bowel. Serious intestinal lesions were encountered in 3 
of 5 hooded rats who were fed large amounts of karaya gum for long 
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periods. The animals were fed diets which included granular karaya 
gum, bran or a poor grade of pS5dlium seed. Whether such results can 
be applied to the use of these substances in human beings remains to 
be seen. Fantus and his associates have attempted to prove that 
bran has no harmful effect in human beings and provide a series of 
reports on this subject. Numerous stool examinations were first carried 
out to obtain some measure of colonic irritability, particularly on the 
basis of the content of mucus and leukocytes. Bran when added to an 
uncontrolled diet appeared to cause a softening and an increase in the 
weight of the stools. There was an increase in the volatile fatty acids, 
chiefly acetic and butyric acids, but there appeared to be no consistent 
correlation between this change and the laxative action associated with 
the ingestion of bran. The authors conclude that no conclusive evidence 
exists that bran causes or increases irritation of the bowel. The stool 
abnormalities which were occasionally noted, due to an increase in 
mucus, were attributed to other causes. A reasonable criticism of such 
conclusions seems proper. All of the experiments were made on healthy 
persons with no complaints referable to the bowel. The use of bran as 
a therapeutic agent has long been advocated as a corrective measure in 
patients with bowel disorders commonly known as “constipation.” There 
can be no doubt that in many such instances, in patients with “irritable 
colon,” “mucous colitis,” etc., in whom constipation is a common clinical 
feature, the use of bran frequently causes an aggravation of existing 
symptoms. 

Morgan adds his protest against the use of liquid petrolatum to 
those of certain other investigators. According to this author, liquid 
petrolatum frequently causes symptoms, such as anorexia, indigestion, 
flatulence, fatigue, nervousness, dyschesia and anal leakage. In addi- 
tion, he refers to the fact that it seriously interferes with the utilization 
of carotene, vitamin A concentrates and fat-soluble vitamin D. Such 
an indictment of a popular remedy is probably justified in part, although 
it is to be doubted that -under ordinary conditions effects really deleteri- 
ous to the health of the patient are encountered after its use. 

As an unusual and curious observation the article by Felsen^®^ on 
the sigmoidoscopic diagnosis of periarteritis nodosa should be mentioned. 
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The accurate description of the arterial lesions noted in the rectum and 
the rectosigmoid portion of the colon is excellent. 

Gastrointestinal complaints due to various allergic manifestations are 
reported in detail by Thomas and Wofford on the basis of 134 cases. 
The vague nature of the symptom complex is one of the distinguishing 
features, together with the fact that associated allergic manifestations 
were present in 90 per cent of cases. There was an 84 per cent incidence 
of familial allergy. 

A complete review of the roentgenologic literature for 1940 as it 
pertains to the digestive tract is presented by Feldman.®®® The article is 
of particular value to those interested in the subject because of the well' 
arranged bibliography that is appended to the comments on individual 
articles and serves as an excellent basis for reference. 

Greater use is being made of peritoneoscopy as a diagnostic procedure 
in properly selected cases. Three hundred and fifty observations are 
reported in three papers by Walker and Playfair,®^® Olim ®^^ and 
Garrey.®^® The data presented by these authors justify the use of the 
procedure and the assertion that it will save many patients the risk and 
discomfort of an open abdominal exploration. It has been found to be 
of particular use in the evaluation of gastric and hepatic conditions and 
in the diagnosis of peritoneal and of pelvic disease. With care adequate 
biopsy material can be obtained without undue risk. It would seem that 
this method has now properly been added to other well ‘established 
procedures as a safe, economical and reasonably accurate means of obtain- 
ing information in properly selected cases. 

War Medicine . — The importance of gastrointestinal diseases and 
complaints in the present emergency is discussed in full by Pepper,®^® He 
presents statistics of diseases encountered among soldiers in the United 
States Army during the mobilization period from 1917 to 1919 as a 
basis for a comparison with the expected morbidity and mortality in the 
present conflict. The most frequent causes of hospitalization in this 

338. Thomas, J. W., and Wofford, C. P. : Gastro-Intestinal Allergy: A 
Re'view of One Hundred and Thirty-Four Cases, Am. J. Digest. Dis. 8:311, 
1941. 

339. Feldman, M. : A Qinical Roentgenological Review of the Literature 
for 1940, Pertaining to the Digestive Tract, Am. J. Digest. Dis. 8:279, 1941. 

340. Walker, R. M., and Playfair, P. L. : Peritoneoscopy : Report Based 
on One Hundred and Twent 3 ’'-Five Cases, Lancet 1:159, 1942. 

341. Olim, C. B. : Peritoneoscopy: Analysis of One Hundred and Fifty 
Cases, Surgery 10:391, 1941. 

342. Garrey, W. E. : Evaluation of Peritoneoscopy with Particular Refer- 
ence to Diagnosis of Abdominal Tumors, New England J. Med. 225:180, 1941. 

343. Pepper, O. H. P. : Disease Expectancy in the New Army, War Med. 
1:463 (July) 1941. 



JONES— GASTROENTEROLOGY 


683 


group of over 2,250,000 men for definite diseases of the digestive tract 
are recorded as follows: ulcer of the stomach, 1,201; duodenal ulcer, 
884; appendicitis, 21,689; hernia, 35,535; other diseases of the stomach, 
29,271 ; other diseases of the intestines, 54,665 ; diarrhea, enteritis and 
colitis, 38,355, and diseases of the liver and the gallbladder, 6,443. As 
Pepper states, this group is of no mean importance and there is little 
reason to believe that there will be any lessening in the frequency of 
peptic ulcer ; in fact, there is likely to be a definite increase, if rumors 
concerning the frequency of this condition' in the armed forces of other 
countries can be believed. He is also correct in the following statement : 

As to the indefinite miscellaneous disorders of the stomach and of the intestines, 
diarrhea, enteritis and colitis, a marked improvement should be expected, pro- 
portionate to the better diet and even more to the more cleanly preparation of food 
which it is hoped will be the rule in the new Army. This factor is controllable 
to a great extent. If figures approaching those of the past are permitted to occur, 
it will be a disgrace. A lower incidence of intestinal infestations can also be part of 
the expectancy. 

Because of the distribution of the armed forces it is to be anticipated, 
however, that there may be a tremendous increase in the incidence of 
tropical diseases, including the various forms of dysentery, which, how- 
ever, should be amenable to successful treatment, as indicated in the 
earlier part of this review. Because of the magnitude of the problems 
and strains involved in modern mechanized warfare, it is apparent also 
that various disorders which are more or less conditioned by varying 
degrees of nervous strain and by adequacy of diet will be encountered in 
important numbers. The peptic ulcer problem may be minimized by the 
proper exclusion of known patients with ulcer from the combat forces. 
It is inevitable, however, that numerous persons, particularly in the 
enlisted personnel, will be inducted into service without the discovery 
of a quiescent ulcer. 

The importance of the ulcer problem has been already noted in pre- 
vious reports appearing in the European literature and is reaffirmed in 
an article by Urquhart, Singleton and Feasby,®^^ who comment on the 
frequency of duodenal ulcer among the Canadian forces. In the group 
of cases under discussion by these authors, symptoms of ulcer developed 
in 90 per cent within the first six months of service in England. In 
about one third of the cases the patients gave histories of no previous 
gastric disturbances. In this article there is also an excellent discussion 
of the incidence of dyspeptic symptoms. An intelligent evaluation of 
these symptoms made it possible to keep the majority of these “func- 
tional dyspeptics” on active duty. 

344. Urquhart, R. W. I.; Singleton, A. C, and Feasby, W. R.: The Peptic 
Ulcer Problem, Canad. M. A. J. 45:391, 1941. 
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A complete discussion concerning the methods of the examination and 
disposition of persons with gastrointestinal symptoms is presented by 
Schindler, who considers a large variety of conditions, in addition to 
gastritis. The author classifies for ultimate disposition and treatment 
most of the important disorders in an intelligent and comprehensive 
fashion. In the preparation of his article he has taken advantage of 
broad clinical experience derived by himself and others during the last 
war. He stresses the importance of obtaining objective evidence in indi- 
vidual cases, rightly claiming that this is much more important than any 
“impression” a military surgeon may derive from a careful history. This 
is particularly true when it is necessary to rule out malingering. He 
makes a particularly intelligent attempt to evaluate the possible activities 
that may be permitted to patients suffering from various disorders that 
may incapacitate them for combat duty. 

The Army’s nutritional problems are fully discussed by Tobey,®^® 
with especial attention to measures for situations such as those that 
arise during tank movements, parachute work and aviation activities. 
In such forms of mobile combat, concentrated rations are important and 
are duly considered. 

The importance of abdominal distention in the production of annoy- 
ing or even dangerous symptoms as it relates to the problems of aviation 
is discussed by Vega®^^ and by Collins.^^® The great increase in the 
volume of gastrointestinal gases at high altitudes may result in a forcing 
upward of the diaphragm with striking alteration in respiration, asso- 
ciated with a diminution of vital capacity, alveolar oxygen tension and 
carbon dioxide tension. Respiration approaching that of the Cheyne- 
Stokes type, according to Vega, may be noted because of undue abdom- 
inal distention. An unusual manifestation of such a condition is reported 
by Collins in a patient with congenital idiopathic dilatation of the colon. 
This person while flying at 14,000 feet (4,200 meters) experienced con- 
siderable abdominal distention, dyspnea and precordial pain, which were 
relieved when the plane descended to normal barometric levels or when 
large amounts of flatus were passed. 

Visceral injury caused by compression or suction waves set up by 
the detonation of high explosives on land or at sea is described by 

345. Schindler, R. : Gastroenterology in the Army: Methods of Exami- 
nation and Disposition of Cases, War Med. 2:263 (March) 1942. 

346. Tobey, J. A.: The Arm 3 ’’s Nutritional Problems, War Med. 2:437 
(May) 1942. 

347. Vega, M. G. : Changes in Respiration and in the Digestive Apparatus 
at High Altitudes, Aledicina, Madrid 9:162, 1941. 

348. Collins, L. H. : Excessive Abdominal Distention at High Altitudes in 
a Case of Congenital Megacolon (Hirschsprung’s Disease), J. A. M. A. 117 : 
1012 (Sept. 20) 1941. 
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Breden and his colleagues.®^® Organisms permeating a contused colon 
were the cause of pelvic and subphrenic abscesses in 2 patients. Seven 
patients had severe melena but without serious complications, and 1 
patient suffered fatal injury associated with laceration of the ileum and 
peritonitis due to compression. In the last-mentioned patient section of 
the ileum showed diffuse hemorrhages in the submucous and subperi- 
toneal layers, which were similar to those discussed in a previous article, 
as a result of abdominal trauma. In all likelihood, the mechanism involved 
was quite analogous. In the surviving patients the immediate symptoms 
of vomiting with blood, diarrhea with melena and testicular pain occurring 
after sudden compression were not severe. Conservative therapy was 
advocated. 

Massachusetts General Hospital. 

349. Breden, N. P. ; d'Abreu, A. L., and King, D. P. : Sudden Compression 
Injuries of Abdomen at Sea, Brit. M. J. 2:144, 1942. 



News and Comment 


American Association for the Advancement of Oral Diagnosis. — The 
annual meeting of the American Association for the Advancement of Oral Diag- 
nosis, which was scheduled to be held November 12 and 13 in Boston, has been 
canceled and will not be held in 1942. 


CORRECTIONS 

On page 58 of the article “Stenosis of the Infundibulum” by Drs. Maurice 
Lev and Sidney Strauss, in the July issue (Arch. Int. Med. 70:53, 1942), the 
second sentence of the section entitled “Comment” should read “When the patient 
was first seen, ten years before death, a systolic murmur was heard at the base 
of the heart.” Similarly, in the last paragraph under this heading, "the base of 
the left lung” should read “the base of the heart.” 

In lines 17 and 21 on page 58, “the P wave in lead II” should read “the 
second pulmonic sound.” 

In the article by Dr. Harry D. Leinoff, “Acute Coronary Thrombosis in 
Industry: I. Direct Nonpenetrating Injuries, with Report of Cases,” in the July 
issue (70:33, 1942) lead I in figure 4, on page 47, is upside down and indicates, 
erroneously, that the T wave was upright, instead of being inverted and coved. 
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Book Reviews 


Arthritis in Modern Practice: The Diagnosis and Management of Rheu- 
matic and Allied Conditions.’ Bj’- Otto Steinbrocker, M.D., with special 
chapters by John G. Kuhns, M.D., F.A.C.S. Price, §8. Pp. 606, with 321 
illustrations. Philadelphia; W. B. Saunders Company, 1941. 

The problems of arthritis are receiving greater and greater attention from 
members of the medical profession throughout the country, as evidenced by organi- 
zations for the study of arthritis, by articles in current medical literature and^ by 
the recent appearance of several books devoted entirely to the subject of arthritis, 
of which the volume under review is one. This attention to a crippling and 
disabling disorder which probably is as responsible as any one disease for physical 
disability and mental suffering is well warranted. Too long have arthritic 
patients been pushed from pillar to post because of the unsatisfactory results that 
have been usuallj' obtained bj^ physicians in the management of them. 

This book is prepared by Steinbrocker, chief of the arthritis clinic of Bellevue 
Hospital, New York, and in addition to the nineteen chapters that he devotes to 
the subject, there are five chapters on painful feet; posture and exercise; splints 
and supports ; manipulation, treatment and operation, and surgical procedures 
written by Dr. Kuhns, chief of the orthopedic and surgical service of the Robert 
Breck Brigham Hospital, Boston. 

The senior author has devoted the greatest number of pages, naturally, to 
rheumatoid arthritis. The chapter on this form of arthritis is a clear, concise, 
authoritative statement of tlie most frequent cause of disabling joint injuries. It 
is to be commended highly. The senior author, incidentally, devotes some pages 
to gold therapy but refuses to commit himself as to the efficacy of this type of 
treatment. 

The succeeding chapters have to do with other types of arthritis, such as 
hypertrophic arthritis, gout and infectious arthritis. He devotes chapters to 
painful shoulder, backache, sciatica and other conditions with which a person who 
is treating arthritis should be familiar, as well as to physical therapy. 

This book compares favorably indeed with any and all books on arthritis. It 
can be recommended. It is well printed, and the numerous illustrations, on the 
whole, are clear. Altogether, it is pleasing in appearance. 

Diseases of Metabolism. Edited by Garfield G. Duncan, M.D., Associate Pro- 
fessor of Medicine, Jefferson Medical College. Price, §12. Pp. 985, fully 
illustrated, with 7 plates in color. Philadelphia; W. B. Saunders Company, 
1942. 

The scope of this book is contained in the editor’s definition of metabolism — 
“Metabolism is the sum total of tissue activity as considered in terms of physico- 
chemical changes associated with and regulated by the availability, utilization and 
disposal of protein, fat, carbohydrate, vitamins, minerals, water and the influences 
which the endocrines exert on these processes.” 

To present the fundamental knowledge of metabolism, namely, its physiology, 
physicochemistry and pathologic physiology; to apply this knowledge to the 
explanation of diseases of metabolism, and to outline a rational basis for the 
treatment of these diseases is no mean task. 

A brief foreword by Sir Frederick Banting was epically enough received by the 
editor but a few days before Sir Frederick’s untimely death. 

The editor has wisely chosen a group of outstanding authorities to assist him. 
Carbohydrate Metabolism is presented by C. N. H. Long; Protein and Lipid 
kletabolism, by Abraham White; Mineral Metabolism and Melituria, by Abraham 
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Cantarow; Water Balance in Health and in Disease, by John P. Peters; Nutri- 
tional and Metabolic Aspects of Disorders of the Blood, by Leandro M. Tocantins ; 
Vitamins and Avitaminoses, by Tom D. Spies and Hugh R. Butt; Undernutrition, 
by L. H. Newburgh; Obesity, by Frank A. Evans; Xanthomatoses, by Edward 
Mason, and Gout, by Walter Bauer and Friedrich Klemperer. The editor, Garfield 
G. Duncan, covers Hyperinsulinism, Diabetes Insipidus and Diabetes Mellitus. 

The style of each author is uniformly excellent. As the advances in the 
fundamentals of metabolism have been so revolutionary in the last fifteen years, 
no medical student, general practitioner or internist could but profit immeasurably 
by reading this book. The reviewer is willing to predict that the book will 
become a classic in its field. 

Religion in Illness and Health. By Carroll A. Wise. Price, $2.50. Pp. 279. 
New York; Harper & Brothers, 1942. 

Dr. Wise has formulated an approach to religion that embodies and brings to 
articulate expression many of the ideas implicit in religious teachings, regardless 
of individual creed. Because of this, his book satisfies a need which many persons 
had long felt but which had remained unsatisfied because of inability to give it 
overt expression in words. It is a strange experience to see the fundamental 
principles of religious teachings expressed in the terminology and concepts of 
psychiatry, psychology and psychoanalysis; yet this is the unique contribution of 
the book — a contribution which renders it of particular value and interest to 
professional groups. 

Although the word psychobiology is never used by the author, an exposition 
of the "organismic approach”' is given in Chapter IV, in which the concepts pre- 
sented are essentially the concepts of psychobiology. 

Despite some awkwardness of style and organization the author shows an 
insight into human behavior that can come only from broad psychiatric and 
psychologic training and experience. Yet one of the strongest points in the 
book is Dr. Wise’s development of his concept of the role of the clergyman in deal- 
ing with problems of mental health. He believes that the clergyman’s psychiatric 
training enables him to define his own sphere of activity as one distinct and 
different from that of the psychiatrist, but one requiring whole-hearted cooperation 
with the psychiatrist in the interest of the patient’s mental health and well-being. 

From Witchcraft to Chemotherapy: The Linacre Lecture 1941. By Sir 
Walter Langdon-Brown. Price, $0.60. Pp. 60. London : Cambridge Uni- 
versity Press, 1942. 

This scholarly and entertaining essay would only be spoiled by any attempt 
at a critical review. It is full of interest to the medically trained man and to 
the lay reader and can be unreservedly recommended to both as conforming to 
the best ideal of English medical essays. 

Synopsis of Materia Medica, Toxicology and Pharmacology. By Forrest 
Ramon Davison. Second edition. Price, fabrikoid, $5.75. Pp. 695, with 4o 
illustrations. St. Louis : C. V. Mosby Company, 1942. 

The second edition of Dr. Davison’s well known book is much like the first 
edition, although important additions and deletions have been made. The material 
on the sulfanilamide drugs has necessarily been enlarged. This book is useful for 
desk reference. 
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INCOMPLETE RUPTURE OF THE AORTA 

A HERETOFORE UNRECOGNIZED STAGE OF DISSECTING ANEURYSM AND 
A CAUSE OF CARDIAC PAIN AND CARDIAC MURJIURS 

THOMAS M. PEERY, M.D. 

WASHINGTON, D. C. 

Dissecting aneurysm has been recognized at autopsy for many years, 
and more recently the clinical signs and .symptoms of that condition 
have become sufficiently well established for the diagnosis to be made 
ante mortem in a fairly large number of cases. In most instances actual 
dissection is preceded by a tear of the intima, through which the column 
of blood gains access to the media to cause dissection. Not infrequently 
dissection does not occur immediately after the intimal tear, and the tear 
may heal by the formation of scar tissue, leaving a defect in the aortic 
wall. This early stage Muthout dissection has not been recognized 
clinically, however, and has seldom been recognized as such’ at autopsy. 
Clinical recognition of incomplete rupture is important in that actual 
dissection may be prevented or postponed in some cases. Its mani- 
festations are dramatic enough and the condition is common enough for 
the correct diagnosis to be made ante mortem in some instances. 

CHARACTER OF THE LESION 

Incomplete tears are usually encountered in the ascending portion 
of the aortic arch, at or near one of the commissures. In most instances 
they are transverse, but occasionally they are oblique and rarely longi- 
tudinal. The size of the tears varies considerably, but they are usually 
0.5 to 2 cm. in length. Because of the gaping which occurs, they are 
usually elliptic, and their edges are sharp and clearly defined. The lips 
of a tear are usually 3 to 6 mm. apart, and between the lips the base tends 
to bulge outward slightly, usually less than a centimeter. The base is 
usually smooth, white and glistening and may show slight trabeculation 

Microscopic sections across the tears show an abrupt interruption 
of the media involving approximately the inner trvo thirds of that coat 
(fig. 1). B reaking and fraying out of the elastica can be demonstrated 
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by Weigert’s stain or other stains specific for elastic tissue (fig. 2), 
The intima is usually thickened and hyaline at the base of the tears, 
and there is scar tissue in the disrupted media. Not uncommonly 
lymphocytes and plasma cells are encountered in the bases of recent 



Fig. 1 (case 5). — Cross section of an incomplete rupture of the aorta, showing 
an abrupt break of the media and proliferation of fibrous tissue in the base of the 
tear. Hematoxylin and eosin ; X 17. 



Fig. 2 (case 9). — Cross section of an incomplete rupture of the aorta, showing 
disruption of elastic fibers at the edges and the base of the tear. The split in 
the media shown at the left represents dissection arising from another intimal tear. 
Weigert’s stain for elastic tissue; X 10. 

tears. These are believed to be part of the healing process and are not 
thought to represent specific inflammatory changes. The media may 
appear perfectly normal a few millimeters back from the edges of a 
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tear. In an exceptional case in this series mucoid changes have been 
noted in the media, but since they were usually found only at or near 
the tear, they were taken to be degenerative changes which followed the 
tear. 

In recent lesions the edges are so sharp, straight and cleaicut that 
a pathologist is apt to believe that the}’’ are artefacts made with knife 
or scissors. Particularly is this true if the aorta is cut off shortly above 
the aortic ring, as is frequently done. 


FREQUENCY 

If one judges the frequency of incomplete rupture of the aorta by 
the number of cases recorded in the literature, one must conclude that 
the condition is rare. In the American literature incomplete tear is 
occasionally referred to in cases of dissecting aneurysm, but no reference 
could be found to incomplete tear as such. Gallavardin and Gravier ^ 
and Maresch - indicated that incomplete tear of the aorta is not uncom- 
mon and expressed the belief that it is frequently overlooked at autopsy. 
Furthermore, in many instances complete aortic rupture probably takes 
place through the base of an old tear and obliterates tbe autopsy evidence 
of its previous existence. Since 1935 6 cases of incomplete rupture of 
the aorta without dissecting aneurysm have been encountered. Several 
incomplete tears in cases in which death was due to dissecting aneurysm 
have also been noted, the dissection occurring through a separate tear 
in the aorta. In the same period 2 cases of dissecting aneurysm have 
been studied in which the clinical record strongly suggests that the 
process occurred in two stages. This makes a total of 8 cases in about 
1,600 autopsies on patients of all ages, and 3 additional cases have been 
encountered in a review of autopsy records. The services from which 
these figures are derived ^ have shown a high incidence of hypertension, 
and it is likely that the proportion would be lower in areas where hyper- 
tension is less frequent. 

Incomplete rupture has been much more frequent in this series than 
has rupture of an aortic valve cusp, if cases of endocarditis are excluded. 

1. Gallavardin, L., and Gravier, L.: Rupture incomplete de I’aorte: Insuffi- 
sance aortique fonctionelle consecutive, Paris med. 45:29, 1922. 

2. Maresch, R.: Zur Kenntnis der Insuffizienz der Aortenklappen, Wien. klin. 
Wchnschr. 42:417, 1929. 

3. Cases 1, 2, 3, 4, 6 and 7 were encountered in the Pathology Service of the 
Medical College of the State of South Carolina, Charleston, and are used in this 
report with the consent of Dr. Kenneth M. Lynch, professor of pathology. Cases 5, 
8, 9, 10 and 11 were encountered in the Pathology Service of the George Washington 
University School of Medicine and are used with the consent of Dr. Roger M. 
Choisser, professor of pathology. 
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Yet the diagnosis of rupture of an aortic valve cusp is occasionally made 
ante mortem by expert cardiologists. 


PREDISPOSING FACTORS 

As in the case of dissecting aneurysm, the essential factor predis- 
posing to incomplete rupture is severe hypertension, usually of long 
duration. One cannot be certain that there is any definite abnormality 
of the walls of the aorta prior to the occurrence of the tear. Micro- 
scopic examination of sections from the aorta taken near the lesion but 
not including it usually do not show any recognizable abnormality. 
Atherosclerosis is probably not a cause for this condition, since the tears 
seldom occur through an atheromatous plaque or ulcer. Syphilitic 
aortitis is not commonly found in association with these tears and does 
not appear to be an etiologic factor. It is possible that medionecrosis 
aortae idopathica cystica of Erdheim may be present in some cases, but 
this has also not been noted frequently. 

Since most of the tears occur in the proximal portion of the ascending 
aorta, it is extremely likely that there is a local predisposition in this 
area. The valve cojnmissures exert a rocking force and pull on the 
aortic wall as they are driven shut in diastole by the column of aortic 
blood, and this local force is probably the cause for the more frequent 
occurrence of tears at this point. The fact that the tears are usually 
transverse to the axis of the valve commissures adds weight to this 
hypothesis. 

PRECIPITATING FACTORS 


In some instances rupture occurs during straining' or exertion, 
although this is not always the case. Presumably the blood pressure is 
raised to a still higher level by such acts, and this may in itself be the 
immediate cause of the tear.'* Or it may be that the fixation of the 
diaphragm and the increased intrathoracic tension in some way fix the 
aorta, so that there is a greater tendency toward rupture. 

In some instances actual trauma, usually to the chest, has precipitated 
a tear. In a case reported by Heller ® rupture apparently occurred when 
a heavy burden fell on the patient’s chest. In the case reported by 
Oppenheim * clinical manifestations followed a blow by a falling piece 


4. Oppenheim (Gibt es eine Spontanruptur der gesunden Aorta und '\vie kommt 
sie zustande? Munchen. med. Wchnschr. 45:1234, 1918) experimented with human 
aortas and concluded that a pressure of approximately 2,000 mm. of mercury was 
required to rupture a normal aorta. In his experiments a pressure hose was directed 
into the aortic orifice through the left ventricle and held tightly just below the aortic 
valve. It seems likely that rupture Avould have occurred at a lower pressure if the 
systolic and the diastolic pressure had been simulated by alternately raising and 
lowering the pressure, permitting the column to pound back on the aortic valve cusps. 

5. Heller, A.: Ueber ein traumatisches Aortenaneurysma und traumatische 
Insuffizienz der Aortenklappen, Deutsches Arch. f. klin. Med. 79:306, 1904, 
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of granite. Nordlander® reported a case in which a fatal rupture 
occurred while the patient was at work. Nordlander and Oppenheim 
both referred to the occurrence of ruptured aorta in aviators falling from 
a high altitude. 

IMMEDIATE CLINICAL MANIFESTATIONS 

Probably the most common symptom caused by incomplete rupture 
of the aorta is a choking sensation or a feeling of suffocation. Dyspnea 
may come on suddenly and continue for some time. Pain is also a' 
frequent symptom and may be “stabbing” or “tearing,” although pain 
is less frequent and less severe than when dissection supervenes 
immediately. 

Occasionally cough, hemoptysis and fever are the presenting 
symptoms and may be associated with pain of pleuritic type. Under 
such circumstances physical examination and roentgen study may show 
evidence of pneumonic consolidation. Wood and associates and 
Hardaway and Green ® have reported cases of such an occurrence, and 
another is added here (case 11). At autopsy the pulmonary changes 
are found to be due to areas of atelectasis. The clinical diagnosis under 
these circumstances would undoubtedly be difficult. 

The temperature and the leukocyte count are usually moderately 
elevated for a few days, and the pulse and the respiratory rate are fre- 
quently accelerated. 

On examination enlargement of the heart and hypertension are 
usually evident. The most important physical finding is undoubtedly 
the presence of heart murmurs. These may be either systolic or diastolic 
and are usually best heard in the aortic area. The systolic murmur is 
usually harsh and is probably due to vibration in the blood current of 
the abrupt, shelflike edges of the tear or to eddying of blood over the 
small pouch between the lips of the tear. The diastolic murmur, when 
present, is due -to actual aortic insufficiency, as will be explained sub- 
sequently. 

Roentgen examination of the chest usually shows widening of the 
aortic arch, but it has been impossible, even in retrospect, to read any 
pathognomonic sign into the picture in the chest. 

An electrocardiogram usually shows left axis deviation but nothing 
else. In an occasional case in which a tear involves the mouth of a 

6. Nordlander, T. A.: Partially Healed Spontaneous Rupture of the Aorta 
Tr. Chicago Path. Soc. 12:123, 1925. 

7. Wood, F. C.; Pendergrass, E. P.^ and Ostruin, H. W.; Dissecting 

Aneurysm of the Aorta with Special Reference to Its Roentgenographic Features 
Am. J. Roentgenol. 28:437, 1932. ’ 

8. Hardaway, R. M., and Green, M, M.: Intrapericardial Rupture of Aorta 

Am. Heart J. 10:384, 1935. ’ 
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coronar}^ arter}^ there may be signs of coronary insufficiency, but usually 
the electrocardiogram is of diagnostic value for what it does not show. 

Probably the usual outcome is the subsidence of pain and dyspnea 
within a day or two, followed by a longer period of weakness, easy 
fatigue or a realization that all is not well. In a considerable proportion 
of cases, however, dissection of the aorta occurs days, weeks or months 
later, with the usual manifestations of that condition. In other cases 
the clinical picture becomes one of aortic regurgitation with congestive 
heart failure. 

EFFECTS OF INCOMPLETE RUPTURE OF AORTA 

The subsequent course in cases of intimal tear apparently depends 
on t^vo factors: (1) the position of the tear in relation to the com- 
missures of the aortic valve, and (2) whether dissection occurs. 



Fig. 3. — ^^Vax models of the aortic valve, showing the mechanism of aortic 
insufficiency in case of an incomplete tear at a commissure of the valve. Aortic 
insufficiency in cases of dissecting aneurysm is probablj' due to the same mechanism. 
A, a normal aortic valve viewed from above. B, aortic insufficiency due to an 
incomplete tear in the aortic wall Avith loosening of the affected aortic A^alve com- 
missure. 

If dissection does not occur and the tear is well above the aortic 
commissures, healing will usually take place. There is then no cardiac 
embarrassment, but the local lesion remains as a point of weakness in 
the aorta, and subsequent!}’’ complete tear may occur through this area 
and obliterate the evidence of a two stage process. Or with continued 
h}q)ertension tears may occur in other areas; multiple small tears are 
not an uncommon incidental finding at autopsy. 

But if the tear is at or just above a commissure and transverse to 
it, aortic insufficiency will result and may lead to death from congestive 
heart failure. Under such circumstances, as the tear gapes, the com- 
missure loosens and the corresponding cusps hang at a lower level in 
the aortic ring than the unaffected one and valvular incompetence results 
(fig. 3). Murmurs and other signs of aortic insufficiency are not 
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uncommon in cases of dissecting aneurysm,'* but such manifestations are 
usually dependent on the initial intimal tear being at and transverse 
to a commissure of the aortic valve.^° 

Without regard to the position of the original intimal tear dissection 
may come on within a few hours or probably can even occur years later. 
The clinical picture is then that of dissecting aneurysm with which 
cardiologists are familiar. Usually the subsequent dissection is short, 
with rupture into the pericardial sac and sudden death from cardiac 
tamponade. In such cases the dissection may destroy all evidence that 
an incomplete tear preceded the dissection by an appreciable interval. 
Clinical histories frequently suggest that the dissection occurred in 
several stages, and the recognition of cases of incomplete tear without 
dissection seems to furnish the “missing link” in this concept. 

9. (o) Chiari, H.; Ueber die Differenz im mikroskopischcn Befunde bei aus 

geheilten Aortenrissen entstandenen und bei “spontanen” Aortenaneurysmen, Ver- 
handl. d. deutsch. path. Gesellsch. 7:180, 1904. {b) Letulle, M.: Anevrisme 

dissequant etendu a la totalite de I’aorte et spontanement gueri, Bull, et mem. 
Soc. med. d. hop. de Paris 22:1045, 1905. (c) Roemer, R. : Ueber zwei 

Falle von spontaner Querruptur der Aorta bei Aorteninsufficienz, Inaug. Dissert, 
Erlangen, 1906. {d) MacCallum, W. G.: Dissecting Aneurysm, Bull. Johns 

Hopkins Hosp. 20:9, 1909. (c) Uhles, B.; Ueber einen Fall von Aortenruptur 
mit Blutung in die Perikardhdhle, Med. Klin. 20:49, 1924. (/) Resnik, W. H., 
and Keefer, C. S.: Dissecting Aneurysm with Signs of Aortic Insufficiency, 
J. A. M. A. 85:422 (Aug. 8) 1925; (<?) Hall, E. M.: Healed Dissecting Aneu- 
rj'sm of Aorta, Arch. Path. 2:41 (July) 1926. (/:) Hamilton, W. F., and Abbott, 
M. E. : Coarctation of the Aorta of the Adult Type, Am. Heart J. 3:381, 1928. 
(i) Lundberg, A.; Three Cases of Healed Aortic Rupture, Acta med. Scandinav. 
73:19, 1930. (;) Klotz, O., and Simpson, W. : Spontaneous Rupture of the 

Aorta, Am. J. M. Sc. 184:455, 1932. (^) Narr, F. C., and Wells, A. H. : Rup- 
ture of the Aorta, Am. Heart J. 8:834, 1933. (/) Hamman, L., and Apperly, F. ; 
An Instance of Spontaneous Rupture of the Aorta with Aortic Insufficiency, 
Internat. Clin. 4:251, 1933. («i) Hamburger, M., Jr., and Ferris, E, B., Jr. : 

Dissecting Aneurysm, Am. Heart J. 16:1, 1938. (n) Roberts, J. T.: Medio- 

necrosis Aortae Idiopathica Cystica, ibid. 18:188, 1939. (o) Gouley, B. A., and 
Anderson, E. : Chronic Dissecting Aneurysm of the Aorta, Simulating Syphilitic 
Cardiovascular Disease, Ann. Int. Med. 14:978, 1940. (p) Dissecting Aneurysm 
of Aorta, Cabot Case 27292, New England J. Med. 225:116, 1941. (q) Dissecting 
Aneurysm of Aorta with Rupture into Pericardium, Cabot Case 27302 ibid 
225:155, 1941. 

10. In some instances in which diastolic murmurs have been noted at the aortic 
area no tear has been found near the commissures, but dissection has extended 
proximally in the media of the vessel, so that the attachments of the commissures 
are loosened^ and the effect is much the same as if an intimal tear had occurred 
at the commissures. Other explanations have been advanced for the insufficiency in 
cases of dissecting aneurysm-dilatation of the valve ring or a mechanism- similar 
to that operative in arteriovenous fistula— but they seem inadequate when com- 
pared to the purely mechanical concept. 
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HEALED AORTIC TEAR ENCOUNTERED INCIDENTALLY AT AUTOPSY 

Chiari®“ stated in 1904 that he had 4 specimens showing healed 
aortic tear in his museum. Asahi reported a case in which a healed 
tear was found in the aorta, well above the aortic cusps, in a patient who 
died of pulmonary tuberculosis. Nordlander ® stated that cases in which 
there was autopsy evidence of healed aortic rupture were encountered 
but that the clinical records usually did not reveal episodes to indicate 
when the tears occurred. He reported a case in which a healed tear was 
found in the aorta and in which death was a result of a separate dis- 
secting aneurysm. Maresch “ stated that shallow healed tears in the 
aortic walls were not uncommon in cases of hypertension and may not 
be associated with dissecting aneurysm. 

Case 1. — J. B., a 35 year old Negro, was brought to the hospital on Christmas 
Eve 1935 in a comatose state. His breath had a strong odor of alcohol. No exam- 
ination was made. Death occurred five hours after admission. At autopsy the 
kidne 3 's were small and showed evidence of sclerosis of the arterioles. The heart 
was hypertrophied. Examination of the brain disclosed a large pontile hemorrhage, 
with blood filling the ventricular system. Just above the aortic valve was an old 
healed transverse rent 2 cm. in length and gaping about 5 mm. Its base was thin 
and bulged outward slightly. Its edges were sharp, as if cut with a knife. Micro- 
scopically, there was moderate perivascular infiltration with lymphocytes and plasma 
cells. This lesion may have been one of syphilitic aortitis, although it did not have 
that appearance grossly. No medial necrosis was evident. 

Case 2. — P, B., a 45 year old Negress, was admitted to hospital Sept. 25, 1936 
and died two hours after admission. The patient was comatose, and no history was 
obtained. The heart was enlarged, the apical impulse being in the sixth interspace 
10 cm. to the left of the midline. The heart sounds were clear and regular. A loud 
systolic murmur was heard over tlie whole precordium, but no diastolic murmur 
was noted. The blood pressure was 255 systolic and 115 diastolic. There was a left 
hemiplegia. At autopsy there was a large hemorrhage in the right internal capsule, 
with extravasation into the subarachnoid space. The kidneys were small but showed 
little evidence of vascular disease. A short distance above one of the commissures 
of the aortic valve was a transverse rent in the aortic wall, bulging slightly outward 
(fig. 4). Its base was covered with scar tissue. The corresponding valve cusps 
appeared to hang slightlj’- lower than normal in the aortic ring, but there was no 
definite insufficiency. No other abnormality could be found which might explain 
the heart murmur. There was no gross or microscopic evidence of syphilitic aortitis 
or of medial necrosis. 

Case 3. — ^A. B., a 45 j’^ear old Negro, was brought into the hospital in coma on 
March 23, 1937 and died twenty hours later. No history was obtained. The heart 
was enlarged downward and to the left. The heart sounds were distant, and no 
murmurs were heard. The blood pressure was 230 systolic and 150 diastolic. 
Autopsy disclosed hemorrhage into the cerebellum, with rupture into the fourth 
ventricle ; the whole ventricular system was filled with blood. Microscopic sections 

11. Asahi, K.: Ueber die Differenz in mikroskopischen Befunde bei aus 
geheilten Aortenrissen entstandenen und bei “spontanen” Aneur 3 'smen der Aorta, 
Ztschr. f. Heilk. 6:163, 1905. 
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of the kidneys showed the necrotic arteriolar changes commonly attributed to malig- 
nant” hypertension. A short distance above the cusps of the aortic valve was a 
healed transverse rent in the aortic wall, 1.5 cm. long and 5 mm. wide. The tear 
extended into the media slightly, and the base of the tear was crossed by several 
bands of torn media covered over with scar tissue. The cusps did not appear to 
and the valve was thought to be competent. There was no evidence of syphilitic 
aortitis, either grossly or microscopically, and no medial necrosis was evident. 


OLD HEALED INCOMPLETE TEAR OF AORTA, 
TOO HIGH ABOVE COMMISSURES TO CAUSE 



Fig. 4 (case 4).— Artist’s drawing of the autopsy specimen. Note the abrupt 
edges of the tear and the bridging of the base of the defect with scar tissue. 
The duration of this tear is unknown. 


Case 4.— O. A., a 49 year old Negro, was admitted to the hospital in coma on 
Jan. 21, 1938 and died twenty-three hours later. The clinical diagnosis was hyper- 
tensive cardiovascular disease with cerebral hemorrhage. Autopsy disclosed evidence 
of hypertension in the kidneys and heart. A large area of hemorrhage was noted in 
the midbrain and extending into the right cerebral hemisphere. One centimeter 
above the aortic valve was a transverse slit 1.5 cm. in length in the intima and 
extending into the media. The tear gaped slightly, and its edges were sharp Its 
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base was dense and gray and had a terraced appearance. The corresponding valve 
cusp did not appear lowered, and valvular insufficiency was thought not to be present. 
There was no evidence of syphilitic aortitis, either grossly or microscopically, and 
no medial necrosis was evident. 

Case S. — C. R., a 59 year old white man, was seen by Dr. Leo Brown and 
Dr. Paul Dickens in November 1938 because of the frequent occurrence of epigastric 
pain after eating. The pain also came on with excitement. It did not radiate from 
the epigastrium. At that time the blood pressure was 210 systolic and 120 diastolic. 
The heart was enlarged, but no murmurs were noted. An electrocardiogram (fig. 5) 
was interpreted as showing evidence of myocardial damage, probably a result of 



Fig. 5 (case 5). — An electrocardiogram, taken five months before death. 
Thrombosis of the interventricular branch of the left coronary artery was encoun- 
tered at autopsy. There was an incidental healed incomplete tear in the aortic 
wall well above the commissures of the aortic valve. 

coronary occlusion. The Wassermann reaction of the blood was negative. In May 
1939 dyspnea on exertion developed, but edema was not noted. In June he was 
admitted to the hospital because of severe precordial pain and dyspnea. At that time 
the blood pressure was 180 systolic and 120 diastolic. No heart murmurs were 
noted. There was no edema. Death occurred two days later. At autopsy coronary 
heart disease was evident, and there was a recent myocardial infarct corresponding 
with the distribution of the interventricular branch of the left coronary artery. This 
vessel was completely occluded by a thrombus. In the ascending portion of the aortic 
arch, about 2 cm. above the aortic valve, there was a transverse rent in the aortic 
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wall extending into the media. Its base was white and scarred and bulpd outward 
slightly. It was too high above the valve to have caused aortic insufficiency. 
Sections through the tear (fig. 1) showed round cell infiltration of the media and 
the adventitia suggestive of syphilis but probably a result of the healing of the tear. 
No medial necrosis was 'evident. 

Unfortunately, in all but 1 of the cases just reported the patients 
were in coma when first seen, and it was impossible to interpret the 
aortic tears in the light of clinical symptoms which may have been noted. 
In the 1 case in which there was an adequate history the patient com- 
plained frequently- of precordial pain, but the pain cannot be ascribed 
to the aortic lesion, since there was advanced disease of the coronary 
arteries. Hence, it is possible that this type of lesion — incomplete tear 
well above tlie aortic commissures without aortic insufficiency — does 
not produce significant symptoms. The symptoms given previously 
for incomplete rupture may be the symptoms of cardiac embarrassment 
from sudden aortic insufficiency. In order to clear up this point, it will 
be* necessary to study the case histories of additional patients. 

INCOMPLETE AORTIC RUPTURE CAUSING AORTIC INSUFFICIENCY 

In 1904 Heller ° reported the case of a 37 year old man who fell 
while carrying a heavy burden, with the mass falling on him. Immedi- 
ately afterward he felt sharp pain in the right breast and in the back. 
He rested at home for several weeks, suffering from continued pain, 
dyspnea and fatigue. One month later a systolic murmur was noted 
over the heart, although its exact location was not recorded. Four 
months after his accident he was admitted to a hospital because of 
congestive heart failure with signs of aortic insufficiency, from which 
he died seven months later. Autopsy disclosed an incomplete tear in 
the aortic wall just above the valve, resulting in slipping downward 
of one of the commissures. 

In 1922 Gallavardin and Gravier^ reported the case of a 57 year 
old baker who had suffered intermittently from dyspnea, edema and 
ascites for one year before death. There was no record of cardiac pain. 
The heart was enlarged, and the “classical murmur” of aortic insuf- 
ficiency was present. The blood pressure was 185 systolic and 50 
diastolic. A clinical diagnosis of syphilitic aortic insufficiency was made, 
although stigmas of syphilis were lacking and the Wassermann reaction 
was negative. Death was a result of heart failure. At autopsy a gaping 
healed transverse tear was encountered in the aortic media at the level 
of the coronary arteries. The authors expressed the belief that the 
leak was a result of lowering of the affected valve cusps. They were 
unable to find any cases of a similar condition in the literature but 
suggested the lesion was frequently overlooked and was not rare. 
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Gravier^^ demonstrated the truth of the latter observation b}^ 
reporting a case of a similar occurrence two years later. A 34 year 
old woman was admitted to a hospital for meningitis. Palpitation and 
dyspnea on effort had been noted for four years, but there was 
apparently no history of cardiac pain. There was a diastolic murmur 
in the third interspace just to the left of the sternum, accompanied by 
a slight thrill. The pulse was bounding, and Duroziez’s sign was 
positive. At autopsy there was evidence of acute meningitis. In the 
aorta just above the “posterior” and the “right anterior” valve cusp 
there was a transverse outpouching of the walls of the vessel about the 
size of two fingers. Its edges were sharp. A smaller similar rupture 
was noted just above the left anterior cusp. 

Maresch - reported 2 additional cases in 1929. A 65 year old street 
worker was seized in 1920 while working with a sharp pain in the right 
side of the chest and was unable to work for six weeks. Dyspnea on 
exertion was noted in 1923, and in January 1924 dull pressure over 
the heart, pain in the right axilla and severe dyspnea were evident. At 
this time he was admitted to a hospital because of dyspnea and swelling 
of the feet. The heart was enlarged; a loud blowing systolic murmur 
and a soft decrescendo diastolic murmur were heard at the apex. 
Capillary and arterial pulsations were noted. The blood pressure was 
not recorded. Death occurred in March 1924 as a result of heart failure. 
At autopsy two transverse tears were noted in the aortic wall just above 
the valve. Both were smooth, white and glistening. The valve cusps 
appeared normal. 

The patient in the second case reported by Maresch was a 25 year 
old man who came to a clinic because of headache and visual dis- 
turbances. A diastolic murmur at the aortic area had first been noted 
during a routine examination two months previously. There was no 
record of cardiac pain. In the clinic a diastolic murmur was still present. 
The pulse v^as bounding. The systolic blood pressure was 204; the 
diastolic pressure was not given. Death from uremia occurred four 
months later. At autopsy an old tear 0.5 cm. long with blunt edges 
and shining white base was noted just above the commissure between 
the “posterior” and the “right anterior” aortic cusp. The aortic valve 
was normal. 

Lundberg reported 2 interesting cases of incomplete aortic tears 
in 1930. In the first case the patient was a 68 year old man who had 
noted dyspnea, edema and “pressure over the chest” for two years. 
Loud sawing systolic and diastolic murmurs were heard over the aortic 

12. Gravier, L. : Insuffisance aortique fonctionnelle par rupture incomplete dc 
I’aorte, J. de med. de Lyon 5:563, 1924. 
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area. The blood pressure was 180 systolic and 90 diastolic. The pulse 
was collapsing, and capillar}^ pulsations were evident. The Wassermann 
reaction was negative. Death from congestive heart failure resulted. 
Autopsy disclosed two old healed spiral tears in the walls of the aorta 
just above the commissures of the aortic valve. 

The patient in Lundberg’s second case was a 42 year old man who 
was relatively well until 1923, when 

... in a state of sexual excitement, the patient suddenly had a feeling that some- 
thing had burst in his chest. He thought himself that he had burst a blood vessel. 
At the same time, a loud blowing sound was heard in conjunction with the heart 
beats to a distance of as much as two meters from the patient’s chest. 

Five years later he was admitted to a hospital because of dyspnea. 
The blood pressure was 135 systolic and 55 diastolic, and loud sawing 
systolic and diastolic murmurs were heard over the whole precordium, 
with maximum intensity at the aortic area. Other signs of aortic insuf- 
ficiency were present. Roentgen and fluoroscopic examination showed 
a broad aortic shadow without local bulging. The Wassermann reaction 
was 1 plus; it had been 3 plus in 1914 after malaria, but the patient 
was not thought to have syphilis. Death resulted from heart failure. 
At autopsy a healed transverse tear was found in the aortic wall just 
at a commissure of the aortic valve, and there was a smaller tear adjacent 
to the first one. 

Eskelund has apparently reported a case of this condition, but the 
original reference has not been obtained, and the abstract studied was 
too brief to permit discussion. 

Case 6. — H. K., a 42 year old Negro, was seized on May 2, 1929 with stabbing 
pain in the right side of the chest shortly after a heavy meal. The pain was so severe 
that he could hardly breathe, and he felt as if he were choking. The pain was not 
related to respirations, and change of position did not relieve it. He had never 
experienced pain of this sort before. He entered the hospital the following day. 
Examination of the chest showed no abnormality. The heart was enlarged down- 
ward. To and fro murmurs were heard at the aortic area, at the apex and over the 
vessels of the neck. The pulse was collapsing. The blood pressure was 190 systolic 
and 40 diastolic. The urine contained albumin (4 plus) and a large number of 
hyaline casts. The hemoglobin concentration was 75 per cent (Dare). Leukocytes 
numbered 10,120, and the percentage of polymorphonuclears was 75. Wassermann 
and Kahn reactions of the blood were negative. The temperature was slightly 
elevated for several days and gradually returned to normal. The pain subsided 
in a few days, and the patient was discharged from the hospital several weeks later. 
The heart murmurs remained unchanged. 

Subsequently he was admitted to the hospital nine times because of dyspnea and 
edema. There was no further cardiac pain. Wassermann and Kahn reactions were 

13. Eskelund, V.: Aortic Insufficiency as Result of Spontaneous Rupture of 
Aorta, Ugesk. f. teger 103:240, 1941 ; abstracted, J, A. M. A. 117:814 (Auc 
30) 1941. ^ 
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repeatedly negative. An electrocardiogram (fig. 6) taken September 21 was inter- 
preted as showing left axis deviation, auricular fibrillation and digitalis effect. The 
last admission was on Feb. 19, 1930. Examination of the chest showed evidence of 
fluid in both pleural sacs. There was a diastolic murmur at the aortic area, trans- 
mitted to the apex. The pulse was of the Corrigan type. The blood pressure was 
150 systolic and 70 diastolic. The abdomen was distended and showed a fluid wave. 
The scrotum and the lower extremities were markedly edematous. The urine con- 
tained albumin (4 plus) and a large number of casts. The hemoglobin concentration 
was 50 per cent. Leukocytes numbered 9,800, and the percentage of polymorpho- 
nuclears was 58. The evidence of congestive heart failure remained, and death 
occurred February 25, six days after admission. 

At autopsy the heart weighed 460 Gm. All the cardiac valves were normal except 
the aortic valve. There was a tear in the aortic wall just at one of the commissures, 
and the two affected cusps hung low in the valve ring. The tear was short but 
gaped widely, and its base was white and hyaline. There was no gross or micro- 
scopic evidence of S 3 'philitic aortitis. There was no evidence of medial necrosis in 
sections taken through the aorta a short distance from the tear. The kidneys were 
small and firm and showed microscopic evidence of advanced sclerotic changes. 



Fig. 6 (case 6). — An electrocardiogram, taken four and one-half months after 
incomplete rupture of the aorta and five months before death. The tear crossed 
a commissure of the aortic valve and caused aortic insufficiencj'. Death was a 
result of congestive heart failure. 


Case 7. — W. F., a 26 j'ear old Negro, was admitted to the hospital March 4, 1937 
because of d 3 'spnea and orthopnea. One month previously pain was noted under 
the heart” and was followed by d 3 'spnea, fever and cough. The patient believed 
he had had “the flu.” The character of the pain and the circumstances of its onset 
were not recorded. On examination the temperature was 96.4 F., the pulse rate 124 
per minute, the respirator 3 ’’ rate 40 per minute and the blood pressure 210 S 3 stolic 
and 85 diastolic. There were visible pulsations in the neck. Chest expansion was 
equal on the two sides, and bilateral basal rales were the only abnormality in the 
lungs. The apical impulse was in the fifth interspace, 12 cm. to the left of the mi - 
line. A palpable thrill was noted over the whole precordium. Systolic and diastolic 
murmurs were noted both at the mitral and at the aortic area, and the murmurs 
in the aortic area were transmitted down the left border of the sternum. There 
was no ascites or edema. 

The hemoglobin concentration was 65 per cent (Dare) ; the red cells numbere 
3,800,000, and the white cell count was 7,450, with 73 polymorphonudears. 
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Kolmer and Kline reactions of the blood were both negative on two occasions. The 
urine contained albumin, (3 to 4 plus) and a moderate number of hyaline casts and 
had a specific gravity of 1.024-1.038. An electrocardiogram (fig. 7) showed maiked 



Fig. 7 (case 7). — An electrocardiogram. Two incomplete tears were present 
in this case. Death occurred about three months after the tears developed and 
was a result of aortic insufficiency and congestive heart failure. 



Fig. 8 (case 7).— A roentgenogram of the chest, taken after the onset of 
heart failure. 

left axis deviation and occasional premature ventricular contractions. The T waves 
were positive in all leads. A roentgenogram of the chest (fig. 8) showed evidence 
of hypertrophy of the left ventricle and congestion of the pulmonary fields. 
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Pain in the chest and dyspnea persisted in spite of administration of digitalis and 
sedatives. No changes in the heart sounds were noted. The blood pressure remained 
elevated, the lowest recorded pressure being 180 systolic and 80 diastolic. Gen- 
eralized anasarca developed, and death occurred from congestive heart failure seven 
weeks after admission, probably three months after the time of the original tear. 

At autopsy there was a moderate amount of fluid in the serous sacs. The heart 
weighed 450 Gm., and the myocardium of the left ventricle was moderately hyper- 
trophied. The mitral, the tricuspid and the pulmonary valve appeared normal. The 
cusps of the aortic valve were normal, but they were separated from the aortic wall 
by transverse tears across two of the commissures (fig. 9). The obyious effect was 



Fig, 9 (case 7). — Artist’s drawing of the autopsy specimen. The blood pressuie 
in this 26 year old Negro was 210 systolic and 85 diastolic. The symptoms at the 
time the tears probably occurred were vague; the patient thought he had “the flu. 


to prevent normal approximation of the three cusps during diastole, permitting aortic 
regurgitation. 

There was no grossly evident disease of the aorta at the site of the tears or 
elsewhere. The tears were transverse, and the longer one was 1 cm. in length and 
gaped about 5 mm. Near one end of one of the slits there was some bridging of 
the defect by remnants of media covered over by endothelium. There was no evi- 
dence of thrombosis. Microscopic sections taken across the tear showed degeneration 
of the muscle and the elastic tissue of the media and replacement by a mucoid sort o 
fibrous tissue. A few mononuclear cells were evident in the base of the tear, but t le 
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vasa vasorum appeared normal. Sections of the aorta taken a few centimeters away 
from the tears did not show any recognizable abnormality. 

Other findings at autopsy consisted of gross and microscopic evidence of 
arteriolar nephrosclerosis, as well as relatively recent lobar pneumonia affecting 
the lower lobe of the right lung. 

(See also case 11). 

In cases 6, 7 and 11 the clinical signs of aortic insufficiency were 
present, and in 7 of the 9 cases in this group death resulted from con- 
gestive heart failure. Yet in none of the 7 cases were the cusps of the 
aortic valve rolled, thickened, shortened or otherwise abnormal.^^ 

Garvin^® has reported 14 instances in which diastolic murmurs 
were heard at the aortic area in cases of severe hypertension. In all of 
these cases the aortic valve appeared normal at autopsy, and the 
murmurs were considered functional. No description of the aortas 
was given. Possibly in some of these cases there were inconspicuous 
aortic tears ; many incomplete tears are not recognized on casual 
examination. 

DISSECTING ANEURYSM PROBABLY FOLLOWING INCOMPLETE TEAR 

It is difficult to pick out of the extensive literature on dissecting 
aneurysm cases in which dissection has occurred in stages. Cases 
probably representing this process have been reported by Letulle,*”^ 
Uhles,°® Klotz and Simpson,®^' Hamman and Apperly and Roberts.®" 

Case 8. — T., a 45 year old Negro who was previously in good health, was 
suddenly seized on Nov. 13, 1936 with sharp, knifelife pain between the shoulder 
blades and in the middle of the chest anteriorly. The pain came on while the patient 
was walking along the street and was accompanied by a choking sensation, dizziness 
and weakness. The pain remained severe for about five minutes and then gradually 
lessened, although it did not disappear. On the following day a similar attack 
occurred, followed this time by orthopnea. He was admitted to the hospital on 
November 15. On examination the temperature was 101.4 F., the pulse rate 108 per 
minute, the respiratory rate 22 per minute and blood pressure 130 systolic and 60 
diastolic. Slight bulging was noted in the third and the fourth interspace just to the 
left of the sternum, and there was a thrill in this area. Systolic and diastolic murmurs 
were noted in the aortic area. There was no tracheal tug. There were numerous 
moist rales in the bases of both lungs. The remainder of the examination revealed 
nothing abnormal. There was no edema or ascites. Examination of the blood showed 
a hemoglobin concentration of 55 per cent, a red cell count of 2,950,000 and a white 
cell count of 15,000, with 56 per cent granuloc}'tes, of which 11 per cent were band 
forms. The Kahn reaction of the blood was 4 plus. Two days after admission, the 

14. A similar situation doubtless prevails when the mouth of an aneurysm, either 
syphilitic or mycotic, is located Just above one of the commissures of the aortic valve. 
Two cases of such a condition, in which there were clinical signs of aortic insuffi- 
ciency, are represented by specimens preserved in the pathology museum of the 
George Washington University School of Medicine. 

15. Garvin, C. F. : Functional Aortic Insufficiency, Ann. Int Med 13*1799 

1940. ■ • • ^ . 
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temperature was normal, the pulse rate 74 per minute and the blood pressure 120 
systolic and 65 diastolic. Systolic and diastolic murmurs were still evident at the 
aortic area. On that day the patient got out of bed against instructions. About one 
hour after being put back to bed he suddenly cried out that he was choking. When 
he was seen by the intern a few minutes later the blood pressure was 60 systolic and 
40 diastolic and he was in shock. He died a few hours later, without any apparent 
change in his condition. 



Fig. 10 (case 8). — ^Artist’s drawing from the necropsy specimen. The inset 
shows the probable appearance of the lesion before the final complete rupture 
occurred. 


At autopsy the pericardium was found to be tense with clotted blood. About 
1 cm. above the aortic valve was a large transverse rent (fig. 10) in the wall o the 
aorta which almost completely encircled it. This rent appeared to consist of two 
separate tears in line with each other, which subsequently joined when comp rte 
rupture occurred. A short dissection extended proximally and ruptured into c 
pericardial sac, involving a total distance of approximately 2 cm. There was no ew 
dence of syphilitic aortitis or of medial necrosis, either grossly or microscopica y. 
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This case is believed to represent partial rupture of four days’ 
duration, with complete rupture occurring on the fourth day through 
the base of the older tear, 

9 ^L. W., a Negress, was first seen in the dispensary on Oct. 13, 1931, 

when she was *30 years old. Her sixth pregnancy had been interrupted nineteen 
months previously because of toxemia and hypertension. In the dispensary the blood 


OLD HEALED TRANSVERSE TEAR 
CAUSING AORTIC INSUFFICIENCY 
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Fig. 11 (case 9). — Artist’s drawing of the autopsy specimen. Two other tears 
were present in the aortic wall but could not be shown in the drawing. The short 
dissection into the pericardium which caused death occurred through the base of 
the tear shown. 


pressure was 210 systolic and 140 diastolic. The heart was found to be slightly 
enlarged, but no murmurs were heard. From this time until September 1935 she was 
under regular observation in the clinic, complaining of headache, insomnia and 
dyspnea on exertion. There was no precordial pain, and at no time were murmurs 
heard. The average of thirty-seven determinations of blood pressure during this 
period w^as 217 systolic and 134 diastolic. In September 1935 she was admitted to the 
hospital because of precordial pain, dyspnea and edema of the ankles. The blood 
pressure was 260 systolic and 160 diastolic. A rasping systolic murmur was noted 
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over the aortic area. The Kahn reaction of the blood was negative. The results of 
other laboratory examinations were not remarkable. She was discharged from the 
hospital two weeks later, free from pain. From this time until February 1937 she 
was seen regularly in the dispensary and was readmitted to the hospital several 
times because of dyspnea and severe headaches. The average blood pressure during 
this period was 238 systolic and 146 diastolic. On February 9 a rough, rasping, 
diastolic murmur was noted in the aortic area. This change in the character of the 
murmurs caused a diagnosis of subacute bacterial endocarditis to be considered. 
Presumably there was no precordial pain at this time. Both the systolic and the 
diastolic murmur persisted for at least a month, although the blood pressure remained 
unchanged (an average of 248 systolic and 149 diastolic). On April 5 she was 
readmitted to the hospital because of dyspnea, retrosternal pain and swelling of the 
ankles. The blood pressure was 240 systolic and 170 diastolic. -The apical impulse 
was in the sixth interspace 13 cm. to the left of the midline. There was a loud 
systolic murmur heard best in the fourth interspace just to the right of the sternum, 
but no diastolic murmur was noted. The Kahn reaction was again negative. 
Roentgen examination of the chest showed great enlargement of the heart and 
fusiform dilatation of the aorta. Two days after admission the patient had an attack 
of severe dyspnea and died in a few minutes, without mention of pain. 

At autopsy the kidneys were small and contracted and showed microscopic 
evidence of arteriolar sclerosis. The pericardial sac was greatly distended with 
blood. On opening of the aorta there was a healed transverse tear 2 cm. long just 
above the posterior commissure of the aortic valve and crossing the two adjacent 
cusps (fig. 11). This tear gaped widely and communicated with a short dissecting 
channel through which rupture into the pericardial sac occurred. Two old healed 
tears were apparent in the ascending aorta, although somewhat higher up. One 
of these was longitudinal, the other oblique. There was no gross or microscopic 
evidence of syphilitic aortitis or of medial necrosis (fig. 2). 

In this case there had obviously been two healed incomplete ruptures 
of the aorta and probably a third. One of the higher incomplete tears 
probably occurred in September 1935, seventeen months before death. 
At this time a rasping systolic murmur was first noted over the aortic 
area, and the patient complained of precordial pain. The finding of a 
diastolic aortic murmur two months before death suggests that an 
incomplete transverse tear just above the aortic valve occurred at that 
time and that the final complete rupture occurred through its base. It 
does not appear likely that either of the healed tears above this level 
could have caused a diastolic murmur. 

Case 10. — F. W., a 47 year old Negro, had a “choking spell” on Feb, 19, 1939 
while eating dinner. This was followed immediately by substernal pain, dyspnea and 
cough. On admission to the hospital two days later he was complaining of dyspnea 
and of pain in both sides of the chest and in the back, made worse by inspiration. 
Two years previously he had been thought to have tuberculosis. On examination 
the temperature w’as 99 F., the pulse rate 100 per minute, the respiratory rate 2 
per minute and the blood pressure 195 systolic and 130 diastolic. The head an 
neck were normal. The apical impulse was noted in the fifth left interspace m 
the nipple line, and the heart was not thought to be enlarged. The rhythm was 
regular, and there were no murmurs or thrills. The lungs showed slight 
ment of percussion note and a few fine rales over the apexes posteriorly. ^ e 
remainder of the examination showed nothing essentialb' abnormal. The urine 
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was normal. The blood urea nitrogen was IS mg. per hundred cubic centimeters. 
The Kahn reaction of the blood was negative. A roentgenogram of the chest, 
taken three days after admission, showed scattered areas of increased density in 
the upper lobe of the right Irjng, which were thought to represent areas of tuber- 
culosis. The heart was enlarged in its transverse diameter, and the aorta was 
moderately widened. Examinations of sputum were negative for tubercle bacilli. 

The temperature rose* to 101 F. a few hours after admission and subsequently 
fell gradually to normal. Pain disappeared in a few days, but cough persisted. 
The pulse rate varied from 100 to 134 per minute. On February 27 the patient 
attempted to get out of bed but suddenly collapsed and was dead in a few 
moments. 

At autopsy there were a few calcified old tuberculous lesions in the upper lobe 
of the right lung, without evidence of recent activity and without pleural involve- 
ment. The pericardial sac contained about 500 cc. of clotted blood. At the orifice 
of the left coronary artery there was a short transverse tear in the aortic wall, 
reaching to each of the adjacent valve commissures but not crossing them. The 
tear gaped slightly, and there was a short dissection in its base along the course 
of the coronary artery. About 2 cm. from the beginning of the dissection there 
was a hematoma in the epicardium, through which rupture occurred into the peri- 
cardial sac. There was no evidence of syphilitic aortitis, and no medial necrosis was 
apparent. 

It is believed that a small incomplete rupture of the aorta occurred 
on February 19 and that eight days later, as the patient was climbing 
out of bed, a tear occurred through the base of the old lesion, resulting 
in dissection and almost immediate death from cardiac tamponade. 

Case 11. — E. B., a 64 year old Negro, was suddenly seized with sharp pain in 
the right side of the chest on April 20, 1939. Previously he had thought he was 
completely well. The pain was made worse by movements of the body and by 
inspiration. He became short of breath immediately after the onset; he had never 
been dyspneic before. Slight cough developed, and on three occasions the sputum 
was blood tinged. Pain and dyspnea became worse, and he was admitted to the 
hospital on April 24. 

On examination the temperature was 99.8 F., the pulse rate 118 per minute, the 
respiratory rate 26 per minute and the blood pressure 140 systolic and 80 diastolic. 
The head and neck were normal. There was slight lag of the right side of the chest 
on respiration. Dulness and many fine and coarse rales were noted at the base 
of the right lung posteriorly. The heart was enlarged, the apical impulse being 
in the sixth interspace 15 cm. to the left of the midsternal line. Numerous pre- 
mature contractions were noted. There was a harsh systolic murmur at the apex, 
thought to be of crescendo t 3 fpe. The remainder of the examination revealed 
nothing abnormal. There was no edema. 

The urine contained hyaline and granular casts but was not otherwise abnormal. 
The Kahn reaction of the blood was negative. Roentgen examination of the chest 
showed mottled areas of increased density in the lower half of the right pulmonary 
field. The heart was markedly enlarged in its transverse diameter, and the aorta 
was widened. On the first examination the sputum was reported positive for 
tubercle bacilli, but on ten subsequent examinations none was found. The hemo- 
globin concentration was 53 per cent; the red cells numbered 3,300,000, and the white 
cell count was 11,700. Eighty-nine per cent of the leukocytes were neutrophils 
including 28 per cent band forms. The Kahn reaction of the blood was negative. 
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Pain and dyspnea disappeared after two days’ rest in bed. The temperature was 
99-101.6 F. for the first week and ranged between 99 and 100 F. for the second week; 
thereafter it was normal throughout the patient’s stay in the hospital. The pulse 
rate was 100-120 per minute for the first five days and thereafter was usually 70 to 
90 per minute. On May 9 — after the temperature had been normal for several days— 
roentgen examination of the chest showed no change in the density in the right 
lung. On May 16, the blood pressure was 185 systolic .and 100 diastolic and the 
heart action was irregular. On May 26, bronchoscopy revealed lack of respiratory 
movement of the right main bronchus but no tumor or other abnormality was noted. 
The patient was kept under observation until June 1, when he was discharged as 
cured. The final diagnosis was bronchopneumonia. 

The patient was readmitted on September 12 because of dyspnea, edema of the 
ankles and weakness. There had been no further pain in the chest. The temperature 



Fig. 12 (case 11). — roentgenogram of the chest, taken five months after 
incomplete aortic tear probably occurred. The patient was in congestive failure 
due to aortic insufficiency. 

was 98 F., the pulse rate 88 per minute, the respiratory rate 28 per minute and the 
blood pressure 148 systolic and 94 diastolic. The veins of the neck were distended 
and there were marked pulsations in the arteries and veins. There was moderate 
dulness over the bases of both lungs posteriorly, and numerous rales were noted. 
The heart was enlarged, the apical impulse being in the sixth interspace in the 
axillary line on the left side. A hollow, blowing diastolic murmur was heard at 
the aortic area and transmitted downward along the left side of the sternum. A 
short, rough, systolic murmur was also noted at the aortic area. Both could be 
heard over the apex. There were frequent extrasystoles. The liver was palpably 
enlarged and tender. There was marked edema of the legs. 

The hemoglobin concentration was 80 per cent; the red cell count was 3,800,00 , 
and the leukocytes numbered 4,400. The differential count was normal. The urme 
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contained a faint trace of albumin and a moderate number of leukocytes. The blood 
urea nitrogen was 15 mg. per hundred cubic centimeters. The Kahn reaction was 
negative. The result of the phenolsulfonphthalein test showed 17.5 per cent 
elimination of the dye in the first hour and 20 per cent in the second hour. On 
ten examinations the sputum was negative for tubercle bacilli. Roentgen exarni- 
nation of the chest (fig. 12) on October 3 showed persistent mottled density 
extending outward from the right hilar area. The heart was enlarged downward 
and to the left, and the aortic area was widened. An electrocardiogram (fig. 13) 
taken September 18 showed marked left axis deviation. 

The temperature was normal throughout the patient’s stay in the hospital. The 
pulse rate varied from 80 to 130 per minute. The respiratory rate was slightly 
increased throughout his stay. On October 1 dyspnea and edema were still present 



Fig. 13 (case 11). — An electrocardiogram, taken five months after the original 
tear probably occurred, two months before death. At the time this tracing was 
taken the patient was in congestive heart failure due to aortic insufficiency. 


in spite of digitalis therapy. One week later edema had disappeared, but dyspnea 
was still present. The blood pressure was 160 systolic and 110 diastolic. Improve- 
ment continued, although the heart murmurs persisted unchanged. Arrangements 
were being made for his transfer to a convalescent home. On November 19 he was 
found dead, sitting in a chair with his head on the bed. He had died suddenly, 
without an outcry. 

At autopsy the heart was found to be enlarged, weighing 800 Gm. The left 
ventricle was greatly hypertrophied. The pericardial sac was distended with 
partially clotted blood. All the cardiac valves appeared completely normal. There 
was a large gaping rent in the walls of the right side of the aorta shaped like a 
reversed letter C (fig. 14). The lower limb crossed just above the commissure 
between the anterior and the right posterior cusp of the aortic valve. This portion 
of the tear did not penetrate the aorta and appeared to be older than the remainder. 
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The upright limb and the upper transverse limb of ithe tear extended through the 
full thickness of the walls and led directly into the pericardial sac. Sections showed 
no evidence of syphilitic aortitis or of medial necrosis. 

f 

In this case the original incomplete tear probably occurred seven 
months before death, and as the tear gaped the aortic valve sagged and 



Fig. 14 (case 11). — ^Artist’s drawing of the necropsy specimen. The inset 
shows the probable appearance of the ^aorta after an incomplete tear occurred, 
causing aortic insufficiency. Seven months later the tear extended, causing sudden 
death from hemopericardium and cardiac tamponade. 

valvular insufficiency resulted. Undoubtedly the congestive heart failure 
on the second admission was due to aortic insufficiency. Subsequently, 
complete tear and dissection tended to obliterate the evidence of the 
old incomplete tear. 
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SUMMARY 

Incomplete rupture of the aorta is closely akin to dissecting 
aneurysm ; it is the condition which exists after a tear has occurred in 
the. vessel wall but before dissection has begun. It may, in the absence 
of dissection, cause pain in the chest and sudden dyspnea and is frequently 
associated with murmurs at the aortic area of the precordium. It is 
probably more frequent than dissecting aneurysm proper and may or 
may not be followed by dissecting aneurysm. If incomplete tear was 
recognized clinically dissection might be prevented in some cases by 
measures which tend to lower the blood pressure, thus permitting 
healing of the vessel wall. 

The following suggestions may be of help in making an antemortem 
diagnosis of incomplete rupture of the aorta: 

If a patient has been under observation for hypertension and returns 
complaining of sudden suffocation and d3fspnea, with or without sub- 
sternal pain, and if examination discloses either a systolic or a diastolic 
aortic murmur or both — murmurs which had not been present previ- 
ously — incomplete aortic rupture should be strongly suspected. A 
harsh or rasping type of murmur would be particularly suggestive. 

If the patient is seen for the first time during an acute attack, the 
diagnosis of incomplete rupture of the aorta would have to be made 
largely by exclusion. If no murmurs are detected, an incorrect diag- 
nosis of coronary thrombosis may be made. If there is a diastolic 
murmur at the aortic area, a diagnosis of syphilitic aortic valvulitis 
may be made, and the pain and suffocation may be assigned to narrowing 
of the coronary ostiums. The coincidence of hypertension and negative 
serologic reactions for syphilis may raise some doubt as to the correct- 
ness of this diagnosis. The suddenness of onset of symptoms may 
cause the diagnosis of ruptured aortic valve cusp to be considered. 
In dissecting aneurysm, which might also be confused with incomplete 
rupture, pain is usually more severe, and characteristically, the severity 
and the location of the pain change as dissection continues. 

If the patient is seen for the first time because of heart failure due 
to aortic insufficiency, the correct diagnosis of incomplete aortic rupture 
would be extremely difficult. If the onset of symptoms of heart failure 
is sudden, if the patient shows marked hypertension and if clinical 
evidence of syphilitic and of rheumatic infection is lacking, it may 
occasionally be possible to make a correct diagnosis of incomplete aortic 
rupture as the cause of aortic insufficiencj^. 

Careful search of the literature has failed to disclose an instance in 
which a correct diagnosis of incomplete rupture of the aorta has been 
made ante mortem. 



CONTROL BY RADIUM FOR GASTRIC ACIDITY 
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MURRAY McGEORGE, M.D. (N.Z.), M.R.C.P., M.R.A.C.P. 

DUNEDIN, NEW ZEALAND 

The importance of hyperacidity of the gastric juice as a factor in 
the causation of duodenal ulcer and of chronic dyspeptic symptoms is 
widely recognized. Most forms of treatment aim at controlling hyper- 
acidity by means of repeated chemical neutralization or by surgical 
intervention. The occurrence of gastrojejunal ulceration following 
surgical treatment, however, suggested that other methods for the control 
of gastric acidity might be tried, and to this end a study was made of 
the effects of irradiation of the gastric mucosa by radium. 

METHOD 

As a preliminary 3 elderly patients with a long history of duodenal ulceration 
were selected for trial, and later, as the results were promising, a number of 
younger patients with hyperacidity and a shorter history also underwent treat- 
ment. In all cases gastric function was studied before and after the use of 
radium. Either two 25 mg. needles or four 10 mg. needles of radium were 
secured in the end of a stout rubber tube, which was swallowed like a Ryle tube. 
The end of the tube containing the radium needles was surrounded by a rubber 
bag, which was distended with water when in position in the stomach. This 
arrangement prevented the needles from passing on into the duodenum and also 
held them off the stomach wall. Position was controlled by roentgen examina- 
tion, and treatment was carried out in four to five hour periods daily until a 
total dose of 2,000 to 2,500 milligram-hours had been administered. 

To determine the secretory activity of the gastric mucosa some form of 
gastric analysis is essential. The test usually employed is the fractional test meal 
of gruel, which gives a rough quantitative measure of the concentration of acid 
in the gastric juice. Early specimens, however, are much diluted by the gruel 
of the meal, while the extent of the dilution in later specimens depends on the 
rate of emptying of the stomach. Only when all the meal has passed through 
the pylorus is relatively pure gastric juice obtained. Gruel also does not con- 
stitute a maximum stimulus for gastric secretion, as is shown by the fact that 
while the first test meal to which a patient is subjected may suggest the presence 
of achlorhydria, in subsequent tests a normal acid secretion may result. Further- 
more, with gruel meals no information regarding the volume of juice secreted is 
obtained. 

In order to secure data on the secretory capacity of the gastric mucosa, wc 
studied the concentration of acid and the rate of gastric secretion after the sub- 
cutaneous injection of histamine acid phosphate using the technic of Bloomfield and 

From the Department of Surgery and the Medical Unit, University of Otago. 
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Polland ^ and Polland ^ with certain minor variations suggested by Lander and 
Maclagan.3 Study of the gastric secretion following administration of histamine 
acid phosphate has the following advantages: The procedure is standardizable ; it 
provides a maximum stimulus to secretion, and it yields pure gastric juice suitable 
for volume measurement and for chemical analysis. 

Tests were carried out at 9 a. m., no food or fluids having been taken by the 
subject since the previous evening. A Ryle tube was passed, the resting juice 
aspirated and the stomach then washed out with several syringefuls of water. This 
acts as a lavage to remove mucus and is also an indication of the satisfactory 
placing of the tube, since with the bulb in the most dependent portion of the 
stomach a syringeful of water passed into the empty stomach should be recover- 
able in approximately equal volume. One milligram of histamine acid phosphate was 
then given subcutaneously, and more or less continuous aspiration of the gastric 
juice was employed throughout the subsequent fifty minutes, the juice being 
saved in ten minute specimens in separate bottles. Free acidity was then deter- 
mined by titration with sodium hydroxide solution, with Tdpfer’s reagent (0.5 per 
cent alcoholic solution of dimethylaminoazobenzene) used as an indicator, while the 
rate of secretion per hour of gastric juice was calculated from the volume of juice 
collected in the forty minute period between ten and fifty minutes after injection 
of histamine. By adding together the amounts of tenth-normal free hydrochloric 
acid in each of these four specimens and multiplying this total by 1.5, the rate of 
secretion per hour expressed in terms of cubic centimeters of tenth-normal hydro- 
chloric acid was determined. 

RESULTS 

Treatment with radium was employed in 14 cases of duodenal ulcer. 
In 1 case tlie effects on the gastric secretion were assessed by means 
of the gruel meal only, in 10 by histamine tests only and in 3 both by 
gruel meals and by histamine tests. In all, thirty tests of gastric function 
were carried out prior to radium treatment and forty-four after treatment. 

Response of Gastric Function to Histamine . — These tests were 
carried out according to the technic just described. In 10 cases more 
than one control test was done prior to irradiation, and in each instance 
there was remarkably close agreement between the first and subsequent 
tests, a fact which confirms Polland’s view that histamine produces the 
maximum response of which the stomach is capable. The results of 
these investigations conducted before and after treatment with radium 
are considered under three main headings: (1) maximum free acidity 
in the samples of gastric juice (fig. 1), (2) rate of secretion of gastric 
juice per hour (fig, 2) and (3) rate of secretion of tenth-normal hydro- 
chloric acid per hour (fig. 3). The results are set out diagrammatically 
according to a uniform plan. In each figure the line marked “100” 
represents for each case the control, or initial, level of the factor under 

^looinfield, A. L., and Polland, W. S. : The Diagnostic Value of Studies 
of Gastric Secretion,.;. A. M. A. 92:1508 (May 4) 1929. 

1933^’ Histamine Test Meals, Arch. Int. Med. 51:903 (June) 

3. Lander, F. P. L., and Maclagan, N. F. : One Hundred Histamine Test 
Meals on Normal Students, Lancet 2:1210 (Dec. 1) 1934. 
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Fig. 1. — Maximum free acidity before and after treatment with radium. The 
length of a line represents the percentage fall in maximum free acidity following 
treatment, while the dot at the foot represents this factor following treatment 
expressed as a percentage of the maximum free acidity before treatment. 
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Fig. 2. — Rate of secretion of gastric juice before and after treatment with 
radium. The length of the line represents the percentage fall in the rate of secre- 
tion of gastric juice following treatment, while the dot at the foot represents 
the rate following treatment expressed as a percentage of the rate before treatment. 
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Fig. 3. — Rate of secretion of tenth-normal h 3 '-drochloric acid in the gastric juice 
before and after treatment with radium. The length of the line represents the 
percentage fall in the rate of secretion following treatment, while the dot at the 
foot represents the rate following treatment expressed as a percentage of the rate 
before treatment. 
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consideration prior to irradiation with radium, while the vertical line 
drawn downward from this level indicates the percentage of the original 
value to which this factor has been reduced as the result of treatment. 
Thus, in a given test a reduction of maximum free acidity to 0 per cent 
means that all specimens of gastric juice obtained were achlorhydric. 



October 1937 

(before 

treatment) 

(treatment, 
November 1937) 


July 1940 
June 1939 

March 1938 


December 1937 


Fig. 4 (case 1).— Gastric function before and after treatment with radium, as 
measured by the response to a gruel test meal. 



March 8,1939 

(treatment, 
March 17-23) 

May 2,1939 


Fig. 0 (case 2).— Gastric function before and after treatment with 
as measured by the response to a gruel test meal. ‘ 


radium, 


_ Response of Gastric Function to Gruel.~ln 3 cases (2, 3 and 4) both 
histamine and gruel tests were employed, while in 1 (case 1) the 
gruel meal alone was used. ^ 
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Case 1 (fig. 4). —This patient was the first to undergo radium treatment, 
which was commenced in November 1937. The control test showed delay in 
emptying the stomach, with food and starch still present at the end of three 
hours, and a high, climbing curve which reached a maximum free acidity of 110 
per cent. Numerous tests have been done since, and in all there is a significant 
reduction in free acidity. 



Feb. 2,1939 

t treatment, 
March 7-14) 

June 23,1939 


Fig. 6 (case 3). — Gastric function before and after treatment with radium, 
as measured by the response to a gruel test meal. 



as measured by the response to a gruel test meal. 

Case 2 (fig. 5).— Seven weeks after treatment the maximum free acidity 
was approximately half that in the control test, while the acidity of the juice 
during rest and of the juice remaining at the end of the test was also markedly 
reduced. 
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Case 3 (fig. 6).— Fifteen weeks after treatment the climbing curve typical 
of duodenal ulcer was replaced by a curve at a lower level, with no free acid in 
the juice obtained during rest or at the end of the test. 

Case 4 (fig. 7).— Nine weeks after treatment the concentration of free acid 
was lower than in the control test. The emptying time of the stomach, however, 
was one and a quarter hours, in place of two and three-quarters hours, so that 
dilution with food ceased much earlier and consequently the actual acid secretion 
following treatment was less than would appear from a simple comparison of 
the acid curves alone. Eight months later the curve had returned to a level 
slightly higher than the original one. 


COMMENT 

The aim of this investigation was the treatment of hyperacidity caus- 
ing chronic symptoms. In most cases, if not in all, duodenal ulceration 
was present : In all 14 the patients presented symptoms typical of this 
condition; in 10 the presence of an ulcer was proved by roentgen 
examination; perforation had occurred in 1, while in 3 others there was 
an initial strongly positive reaction for occult blood in the feces, which 
later became negative as the result of medical treatment. Reduction in 
gastric acidity following irradiation was encountered in 13 of 14 cases 
and was of an order which was not likely to be fortuitous. In the 
remaining case (8) there was no change, and no attempt was made 
to secure an effect by increasing the dose. In the histamine series both 
the concentration of free acid and the rate of secretion of juice were 
reduced, while the rate of secretion of tenth-normal hydrochloric acid 
per hour, depending on both these factors, showed in every case a greater 
reduction than did either separately. Of the 13 cases in which a decrease 
was obtained, the patient in 1 has been followed up for two and a half 
years, and those in 3 for one year, in 2 for over eight months and in all 
except 2 of the remainder for over four months. Sufficient time has not 
yet elapsed to warrant a definite statement regarding the permanence 
of this fall in acidity. There is some indication, however, that gastric 
acidity does not remain at the lowest level indefinitely but that it 
gradually rises again toward a more normal level (figs. 3 and 4). 

No ill effects, either immediate or delayed, were encountered in any 
case, and in particular repeated examinations of the blood failed to 
show evidence of any interference with the hematopoietic system. 

In considering the clinical results associated with these 13 cases in 
which reduction of acidity was obtained, we found that in 7 cases 
(4, 5, 9, 10, 11, 12 and 13) the patients became free of symptoms in the 
absence of further alkali treatment. Four in particular put on weight 
and commented on a sense of well-being during the subsequent months. 
These 7 were the youngest patients in the series, and their symptoms 



720 


ARCHIVES OF INTERNAL MEDICINE 


had been of comparatively short duration. They were, therefore, the 
most promising subjects for treatment. In 5 other cases (1, 3, 6, 7 
and 14) the patients stated that there was definite improvement, with 
reduction in the severity and frequency of symptoms, but that complete 
freedom had not been obtained. Intermittent treatment with alkalis 
had been necessary, but possibly in some instances as a precautionary 
measure. These patients were older than those in the previous group, 
and their symptoms had been of many years’ duration. 

In the remaining case (2) the patient, although the chemical results 
were satisfactory, was not improved clinically and was operated on 
seven weeks after radium treatment, when it was found that the ulcer 
had penetrated into the pancreas, thus explaining the failure to improve, 
either with alkali therapy before irradiation or after radium treatment. 
The pathologic report on the specimen of gastric mucosa removed after 
irradiation was as follows : 

The mucosa has an atrophic appearance with a striking absence of rugae, 
especially in the body and in the pyloric region, the whole mucosa appearing even, 
smooth, velvety and thinner than normal. A section taken 1 inch (2.5 cm.) up 
the greater curvature away from the pyloric segment and corresponding to the 
area of atrophy seen by the naked eye shows typical fundus glands. Approximately 
the middle third of the length of the glands is occupied almost entirely by oxyntic 
cells, which present a normal appearance. Further sections at intervals of an 
inch up the greater curvature to the fundus contain a similar proportion of healthy 
oxyntic cells. The mucosa shows a marked infiltration with plasma cells, and 
there is no apparent effect of the irradiation on the blood vessels. 

It is, of course, impossible to state how much of this appearance was 
due to the treatment with radium. 

SUMMARY 

A method of radium treatment is described which has reduced gastric 
acidity in cases of duodenal ulcer. 

In 13 of 14 cases in which this treatment has been tried there has 
been a marked reduction in acidity of the gastric juice and in volume of 
juice secreted. 

Clinical improvement accompanied chemical improvement in the 
majorit}'- of cases. 

Note. — In the interval between completion of this paper and receipt 
of the proof our attention has been drawn to a paper by Palmer and 
Templeton,^ in which roentgen radiation directed toward the upper two 
thirds of the stomach depressed gastric secretion in patients. Observa- 
tions made by other investigators who also irradiated the stomach 

4. Palmer. W. L., and Templeton, F.; The Effect of Radiation Therapy on 
Gastric Secretion, J. A. M. A. 112:1429 (April 15) 1939. 
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externally are summarized. We were unaware of this work while our 
observations on the effect of intragastric radium therapy were in progress. 
The local effects on the acid secretion of the stomach and the duration 
of these effects following the two types of treatment appear to be similar, 
but in the series of patients treated by radium no adverse effects on 
neighboring organs were noted. 

Physicians of Dunedin Hospital gave us permission to study patients under 
their care, Prof. F. H. Smirk assisted us in the preparation of this paper, Prof. 
E. F. D’Ath made the report of the microscopic examination of sections of stomach 
removed at operation and Miss M. N. Woods did the chemical analysis on all the 
specimens of gastric juice. 

425 High Street. 

8 Royal Terrace. 



USE OF THE DAILY FECAL OUTPUT OF UROBI- 
LINOGEN AND THE HEMOLYTIC INDEX IN 
THE MEASUREMENT OF HEMOLYSIS ' 

EDWARD B. MILLER, M.D. 

KARL SINGER, M.D. 
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WILLIAM DAMESHEK, M.D. 

BOSTON 

The concentration of hemoglobin and the number of red cells in the 
blood are normally kept fairly constant as the result of two opposing 
forces : blood formation in the bone marrow ,and blood destruction, 
presumably in the reticuloendothelial system. The degree of red cell 
formation can be fairly well judged not only by the erythrocyte count 
but by such factors as polychromatophilia and the reticulocyte count or 
more directly by biopsy of bone marrow. The degree of blood destruc- 
tion may be estimated by determination of the various hemoglobin 
derivatives, such as bilirubin in the blood and urobilinogen in the urine 
and the feces. The output of the latter pigment, which is formed directly 
from bilirubin in the intestines, has been shown to be useful as an index 
of hemoglobin destruction. On its formation in the intestines urobi- 
linogen may be said to undergo one of three processes : ( 1 ) absorption 
by the intestinal mucosa into the portal circulation and the liver, where 
it may again be converted to bilirubin and reexcreted in the bowel 
(“enterohepatic circulation”) ; (2) absorption by the intestinal mucosa 
into the general circulation and eventual excretion (as urobilinogen) 
in the urine (the normal daily urinary excretion is 1 to 2 mg.), or (3) 
excretion in the feces (the bulk of urobilinogen is removed in this way). 
Urobilin is the collective name for several oxidation forms of urobi- 
linogen. 

The dail}!- amount of urobilinogen excreted in the feces (50 to 200 
mg.) shows great fluctuation, due in part to the rather complicated 
endogenous metabolism of urobilinogen and in part to variations in 
the intestinal motility. There are, furthermore, marked individual 
differences which are chiefly dependent on the total mass of circulating 
hemoglobin. This last-named value is obtained from the concentration 

From the Joseph H. Pratt Diagnostic Hospital and the Blood Laboratory and 
Clinic of the Boston Dispensary. 
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Medical School and the Dazian Foundation. 
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of hemoglobin in grams per hundred cubic centimeters and from the 
total blood volume. The latter varies directly, as does the basal metabolic 
rate, with the surface area of the subject. Thus, to some extent at least, 
the daily output of urobilinogen in the feces is an expression of the 
surface area, and this measurement must be taken into account in its 
evaluation. Since the only source of fecal urobilinogen is the hemo- 
globin of destroyed red cells, calculation of the mathematic relation 
between the excreted pigment and the total mass of hemoglobin should 
be a more reliable indicator of the degree or rapidity of hemolysis than 
the fecal content of urobilinogen alone. Such a hemolytic index may 
be expressed by the following equation: 

average (of 4 days) daily output of fecal urobilinogen (mg.) X 100 
total hemoglobin (hemoglobin [Gm./lOO cc.] X total blood volume 

100 

This index furnishes information regarding the amount of excreted 
urobilinogen derived daily from 100 Gm. of circulating hemoglobin. 

As just stated, the daily output of fecal urobilinogen in a given 
subject is irregular. Singer ^ showed that a fairly constant daily rate 
could be attained by keeping the subject on a constant diet. The 
irregular excretion of urobilinogen during the period of a freely chosen 
diet could be leveled out by taking average daily values, which over a 
ten day period coincided closely with the values obtained with the subject 
on a constant diet. It was determined in this study that the minimal 
period for estimation of a fairly good daily average was four days, a 
single day’s estimation being practically valueless. In the presence of 
diarrhea, constipation or fever even the daily average of a four day 
period may be grossly inaccurate. Recently Sparkman ^ has used single 
fecal specimens for the determination of urobilinogen per hundred 
grams of stool. Because this method takes no account of the intricacies 
of urobilinogen metabolism and variations in its output, it is, as Watson ^ 
has already pointed out, subject to great inaccuracy. 

Thus, for determination of the “hemolytic index,” it is necessary to 
obtain the average daily output of urobilinogen in a complete four day 
collection of feces and to determine the blood volume. Although intro- 
duced by Belanogowa ^ in 1928, determination of this or a similar index 

1. Singer, K. : Studien zum Problem der Blutmauserung : 1. Ueber den Einfluss 
der Ernahrung auf die Urobilinogen-Ausscheidung mit den Faeces, Wien. Arch. f. 
inn. Med. 20:59, 1930; II. Ueber den Einfluss der Leberdiat auf die Funktion des 
erythrolytischen Systems, Ztschr. f. d. ges. exper. Med. 71:137, 1930. 

2. Sparlonan, R.: Studies of Urobilinogen: II. Normal Values for Excretion ' 
of Urobilinogen, Arch. Int. Med. 63:867 (May) 1939. 

3. Watson, C. J.: Regurgitation Jaundice, J. A. M. A. 114:2427 (Tune 221 

1940. _ ' 

4. Belanogowa, N. S. : Ueber den Blutumsatz bei verschiedenen Anamien und 
die Beeinflussung desselben durch die Behandlung mit Bluttransfusionen, Salvarsan 
Arsen, Eisen und Leberdiat, Deutsches Arch. f. Win. Med. 162:297, 1928 
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has been used in comparatively few investigations. The present paper 
deals with our use of this method, which we have found particularly 
helpful in the study and evaluation of the hemolytic syndromes. 

METHODS 

Red Cell Count. — Pipets and hemocytometers certified by the United States 
Bureau of Standards and an automatic pipet shaker were used. 

Hemoglobin : An Evelyn or a Cenco photoelectric colorimeter was used.s One 
hundred per cent equals 1S.6 Gm. per hundred cubic centimeters of blood. 

Hematocrit Reading. — ^Venous blood was collected in 5 cc. vials containing 6 mg. 
of dry ammonium oxalate and 4 mg. of potassium oxalate « and was centrifuged in 
Wintrobe hematocrit tubes for twenty-five minutes at 3,500 revolutions per minute. 

Blood Volume. — The method of Gibson and Evans using the azo dye Evans blue 
was employed. When actual volumes were not determined, the “expected” total 
volumes were used in determining the circulating hemoglobin values. 

"Expected’’ Blood Volume. — This factor was determined by the formula of 
Gibson and Evans,^ which is based on the surface area and is applicable when no 
marked disturbance in the height to weight relation exists. Otherwise, the blood 
volume is related to the weight. 

Fecal Urobilinogen. — The urobilinogen in the feces was determined quantitatively, 
according to the method of Watson.® This method is based on the original method 
of Terwen ® and the modification of Fiirth and Singer.io The average daily value 
of a four day collection was used. 

Quantitative Measurement of Bilirubin. — ^The method of Malloy and Evelyn 
was used. Evelyn and Cenco photoelectric colorimeters were used. 

RESULTS 

Normal Subjects (table 1). — The hemolytic index in 8 normal 
adults varied from 11.1 to 20.8; this indicates that at least 11.1 mg. of 
urobilinogen is normally derived from 100 Gm. of hemoglobin. Similar 

5. Evelyn, K. A. : Stabilized Photoelectric Colorimeter with Light Filters, J. 
Biol. Chem. 115:63, 1936. 

6. Heller, V. G., and Paul, H. : Changes in Cell Volume Produced by Varying 
Concentrations of Different Anticoagulants, J. Lab. & Clin. Med. 19:777, 1934. 

7. Gibson, J. G., II, and Evans, W. A., Jr.: Clinical Studies of the Blood 
Volume: I. Clinical Application of a Method Employing the Azo Dye “Evans 
Blue” and the Spectrophotometer, J. Clin. Investigation 16:301, 1937. 

8. Watson, C. J. : The Average Daily Elimination of Urobilinogen in Health 
and Disease, with Special Reference to Pernicious Anemia, Arch. Int. Med. 47:698 
(May) 1931. 

9. Terwen, A. S. L. : Ueber ein neues Verfahren zur quantitativen Uro- 
bilinbestimmung in Harn und Stuhl, Deutsches Arch. f. Win. Med. 149:92, 1925. 

10. Fiirth, O., and Singer, K. : Ueber die quantitative Bestimmung Weiner Uro- 
bilinogen- und Urobilinmengen in den Faeces, Ztschr. f. d. ges. exper. Med. 69. 
152, 1929. 

11. Malloy, H. T., and Evelyn, K. A. : Oxidation Method for Bilirubin Determi- 
nations in Bile and Meconium with the Photoelectric Colorimeter, J. Biol. Chem. 
122:597, 1938. 
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values (10.3 to 22.8) were obtained by Heilmeyer and OetzeP- on the 
basis of 100 per cent hemoglobin being equal to 16.5 Gm. Corrected 
for 15.6 Gm. their values are 10.9 to 24.2. In children Josephs found 
a somewhat higher urobilinogen-hemoglobin ratio. His values are not 
directly comparable to ours because he used a different method for 
determination of urobilinogen. 

Conditions with a Lowered Hemolytic Index. — In cases of several 
disorders which differed greatly in character — chronic hypochromic 
(iron deficiency) anemia, polycythaemia vera and the postsplenectomy 
state — a hemolytic index definitely lower than normal was demonstrable. 
A low hemolytic index indicates (a) a diminished rate of hemolysis in 
comparison with the normal rate, (&)-a sparing action of the body in 
output of the pigment or (c) a combination of both. That the organism 
may retain hemoglobin derivatives for the resynthesis of hemoglobin 
has been demonstrated by various investigators (Heilmeyer and Oetzel,^- 
Singer^ and others). 

Iron Deficiency Anemia: A low index was found in 4 cases of 
hypochromic anemia (table 2, cases 1, 2, 3 and 4). One of the 
advantages of the hemolytic index is that one may set up in any given 
case minimal and maximal expected values for output of urobilinogen. 
The actual output can then be expressed in percentage of the expected 
figures, thus showing more clearly the deviation from the normal. In 
the cases of hypochromic anemia the actual reduction in the pigment 
output was 19 to 64 per cent. This may be partly due to a sparing 
action of the body in the output of pigment in the presence of a deficiency 
of hemoglobin, although an actual diminution in the rate of blood 
destruction is probably also present. 

Polycythemia: In 6 of 7 cases of polycythaemia vera, the hemolytic 
index was definitely low (table 3), with the expected minimal excretion 
of urobilinogen reduced 17 to 45 per cent. In all cases there was the 
characteristic considerable increase of the total blood volume and the 
red cell mass. The lowered hemolytic index in these cases of poly- 
cythemia points either to a decreased breakdown of the red cells or to 
a sparing of pigment by the body for use in hemoglobin formation. 
The latter interpretation seems most likely. A similar sparing mechanism 
was demonstrated by Jacobs and Scheffner and Singer ^ after the 

12. Heilmeyer, L., and Oetzel, W. : Blutfarbstoffwechselstudien : II. Ergebnisse 
bei Gesunden; Diatversuche ; Der Blutfarbstoffwechsel im Hunger, Deutsches 
Arch. f. klin. Med. 171:365, 1931. 

13. Josephs, H. W. : The Mechanism of Anemia in Infancy, Bull. Johns Hopkins 
Hosp. 55:335, 1934. 

14. Jacobs, E., and Scheffner, W. : Quantitative Urobilinogenbestimmungen im 
Stuhle, Ztschr. f. d. ges. exper. Med. 44:116, 1924. 
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injection of phenylhydrazine into patients and into experimental animals. 
Otto and Heilmeyer also demonstrated slightly diminished values for 
the hemolytic index in 2 cases of polycythemia, and this has also been 
confirmed by Watson (personal communication). The presence of a 
low hemolytic index definitely rules out the possibility that the stimulus 
for the overproduction of red cells in cases of this disease lies in a 
primary hemolytic process with overcompensation by the bone marrow. 

Postsplenectomy State: A lowered hemolytic index was found in 
10 of 13 cases (table 4) in which splenectomy had been performed for 
various diseases, such as purpura, traumatic rupture of the spleen, 
cirrhosis of the liver, hemolytic anemia, leukemia and Gaucher’s disease. 
The reduction from the expected minimal output varied from 20 to 69 
per cent. With 2 exceptions, no great deviations from the expected 
total blood volume were encountered. In these cases there were also 
other changes, such as target cells, Howell- Jolly bodies and increased 
hypotonic resistance, as discussed in another paper.^® The reduction 
in output of fecal urobilinogen became evident shortly after splenectomy 
and was persistent, indicating a definite diminution in blood destruction. 
In the 3 cases in which the hemolytic index was normal it was apparent 
that increased hemolysis had persisted after splenectomy. In 2 of these 
cases -there was continued hemolytic anemia and marked spherocytosis 
despite splenectomy. In the third ca.se well advanced Gaucher’s disease 
was present. 

Conditions with an Increased Hemolytic Index. — Determination of 
the hemolytic indexes in instances of increased hemolysis was of 
particular importance, both from the clinical and the theoretic stand- 
point. In some cases although the absolute value for urobilinogen output 
in the feces was practically normal, the rate of blood destruction as 
measured by the hemolytic index was greatly increased. 

Pernicious Anemia: Of 3 cases of pernicious anemia (table 5) in 
which the bilirubin content of the serum was normal (0.5 to 1.0 mg. 
per hundred cubic centimeters), the absolute urobilinogen output in 
the feces in 2 cases was only slightly increased (236 and 266. mg. per 
day). Determination of the hemolytic index, however, demonstrated 
a greatly increased rate of hemolysis, namely, 204 to 474 per cent above 
the expected maximal figures ! The comparatively low absolute values 
for fecal urobilinogen were dependent on the lowered mass of circulating 
hemoglobin ; reference to the hemolytic index indicated, however, that 

15. Otto, W., and Heilmeyer, L. : Klinische Farbmessungen ; X. Der Einfluss 
von Phenylhydrazingaben und Aderlassen auf den Blutfarbstoffwechsel mit beson- 
derer Beriicksichtigung der Harnfarbstoffausscheidung, Ztschr. f. d. ges. exper. Med. 
77:144, 1931. 

16. Singer, K. ; Miller, E. B., and Dameshek, W. : Hematologic Changes Follow- 
ing Splenectomj' in Man, Am. J. M. Sc. 202:171, 1941. 
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these values were considerably higher than the expected normal ones. 
The result of the bilirubin excretion test, which was performed in all 
3 cases, was normal, indicating a normal (or perhaps better than normal) 
excretion of bilirubin by the liver cells. In a fourth case of pernicious 
anemia, atypical because of the presence of free hydrochloric acid in 
the gastric juice and an unusually slow response to liver extract 
(“achrestic” anemia of Wilkinson and Israels), the hemolytic index 
was also greatly increased. These observations serve to indicate that 
a normal bilirubin level may occur in the presence of increased hemolysis. 
In cases of severe anemia demonstration of the presence and the degree 
of increased hemolysis may only be possible by means of the hemolytic 
index. 

Hemolytic Anemia: Of 9 cases of hemolytic anemia of the congenital 
and acquired varieties (table 6, cases 1 through 9), an elevated hemolytic 
index was present in all. The increase over the maximal expected 
urobilinogen output varied between 287 and 1,672 per cent. No regular 
parallelism between the increase of the hemolytic index and the bilirubin 
level of the blood was demonstrable, again indicating that the bilirubin 
level is the product of two opposing forces, viz., bilirubin formation and 
bilirubin excretion by the liver cells, and that the best single evidence 
of increased hemolysis is the determination of the fecal output of 
urobilinogen (and its relation to the total mass of hemoglobin). The 
extreme reduction in output of urobilinogen following splenectomy was 
striking. 

Cooley’s Anemia: In 2 cases of Mediterranean anemia (table 6, 
cases 10 and 11) a definitely elevated hemolytic index was present. 
The increases over the maximal expected output of urobilinogen were 
700 and 2,159 per cent, respectively. The hemolytic character of this 
type of anemia, although “target” cells with increased hypotonic 
resistance were present, indicates that the result of the fragility test is 
by no means indicative of the susceptibility of the red cells to hemolysis. 

Gaiicher’s Disease: In a case of Gaucher’s disease (table 6, case 12) 
in which the bilirubin level in the serum was high (2.98 mg. per hundred 
cubic centimeters), the hemolytic index was slightly increased. There 
was also evidence of retention jaundice, as indicated by the delay in 
bilirubin excretion when 50 mg. of bilirubin was injected intravenously. 
When the spleen was removed, the jaundice quickly disappeared. These 
findings indicated that increased hemolysis (splenic in type) may be 
present in Gaucher’s disease. 

COMMENT 

Of the various indexes which might point to increased destruction of 
blood— jaundice of the acholuric type, “indirect” bilirubinemia, an 
increase in the urinary urobilinogen, anemia, leukocytosis and reticulo- 
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cytosis — none is specific. As Dameshek and Singer have shown, 
acholuric jaundice and “indirect” bilirubinemia may be present in 
“familial nonhemolytic jaundice” and in mild degrees of hepatic disease. 
The importance of determining the fecal output of urobilinogen in the 
differential diagnosis of familial hemolytic jaundice and the nonhemolytic 
type was emphasized in this paper. An increase in urinary excretion of 
urobilinogen is not only common in mild disease of the liver but is 
present in acute infections. The excretion of urobilinogen in the urine 
is furthermore extremely variable in the hemolytic syndromes. In some 
conditions with marked hemolysis the values for urinary urobilinogen 
may be only slightly above normal. Anemia and leukocytosis, with or 
without reticulocytosis, are, of course, nonspecific and may be associated 
with hemorrhage, infection, acute leukemia, malignant growths, etc. 
Spherocytosis and an increase in fragility of red cells in hypotonic 
solutions of sodium chloride, which, as Dameshek and Schwartz have 
emphasized, are definite indicators of the presence of a hemolytic process, 
are often not present in a given case, particularly in an instance of the 
acquired type of hemolytic anemia. What is more, spherocytosis is 
usually present after splenectomy in cases of congenital hemolytic 
jaundice, although there is no evidence of increased breakdown of the 
blood. 

In our experience the only constant indicator of increased hemolysis 
— ^with or without anemia, jaundice, reticulocytosis, increased urinary 
urobilinogen, etc. — is an increase in the fecal content of urobilinogen. 
Even this, as just pointed out, may be defective when the mass of 
circulating hemoglobin is so diminished that the absolute content of 
urobilinogen in the feces is normal or low, even though hemolysis is 
increased. Under such circumstances the hemolytic index becomes all 
important. 

Determination of the hemolytic index requires estimation of the 
blood volume. This is a relatively difficult procedure which is not 
applicable to routine laboratory usage. In the present investigation 
the Gibson-Evans dye method for estimating the blood volume was 
used. This method has been shown to be more accurate than previous 
dye methods, since the blue dye can be read accurately in the photo- 
electric colorimeter, even in the presence of slight hemolysis.^® 

17. Dameshek, W., and Singer, K. : Familial Nonhemolytic Jaundice, Arch. Int. 
Med. 67:259 (Feb.) 1941. 

18. Dameshek, W., and Schwartz, S. O. : Acute Hemolytic Anemia, Medicine 
19:231, 1940. 

19. That, strictly speaking, the red cell volume or the total hemoglobin content 
may not be as accurate as Gibson and others have intimated has recently been 
pointed out by Ebert and Stead (Ebert, R. V., and Stead, E. A.: Demonstration 
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An approximation of the total blood volume (“expected blood 
volume) is obtained by having recourse to the formula of Gibson and 
Evans/ which is based on the surface area. From knowledge of this 
factor and the hematocrit reading, the red cell mass, or total hemoglobin, 
can be readily determined. An even simpler, albeit more inaccurate, 
approximation may be made from the concentration of hemoglobin or the 
hematocrit readings. Thus with a hemoglobin percentage of 20 (one fifth 
of normal) and a normal output of urobilinogen, one may say with fair 
assurance that the hemolytic index is at least five times normal. In a child 
weighing 50 pounds (23 Kg. [approximately one-third the weight of 
a normal adult] ) with a hemoglobin concentration of 20 per cent and 
a daily fecal output of urobilinogen of 200 mg., blood destruction is at 
least fifteen times greater than normal. 

From the results thus far obtained, it is evident that the hemolytic 
index permits a better evaluation of the pigment metabolism than does 
simply the absolute value of the daily excretion of urobilinogen. 
Knowledge of the index permits the expression of any given urobilinogen 
excretion in percentage of the expected minimal or maximal values. 
This is of definite value in the interpretation of the output of pigment 
in the various blood disorders. 

A reduced hemolytic index, such as occurs in chronic hypochromic 
anemia, in polycythemia and in the postsplenectomy state, may be due 
to a diminished rate of blood destruction, to a sparing of the pigment 
by the body or to a combination of both. The first mechanism appears 
to be present in the postsplenectomy state and is confirmatory of the 
role of the spleen in blood destruction. In polycythemia a pigment- 
sparing action of the body is probable. That the organism tries to 
prevent the loss of pigment complexes in certain pathologic conditions 
was demonstrated in pigment balance studies following the injection 
of phenylhydrazine. Jacobs and Scheffner computed that only one 
third of the expected urobilinogen was actually excreted and Singer^ 
found only one fifth of the expected urobilinogen in the feces of dogs 
after a single injection of phenylhydrazine. In the anemia of chronic 
iron deficiency the lower index may also be due to a sparing action 
by the body, although a diminished rate of blood destruction must 
also be taken into consideration, since in cases of such anemia target 
cells and decreased fragility of red cells occasionally occur, as in the 
postsplenectomy state. 

That in Normal Man No Reserves of Blood Are Mobilized by Exercise, Epinephrine 
and Hemorrhage, Am. J. M. Sc. 201:655, 1941), who demonstrated that although 
the plasma volumes may be accurately determined, the red cell volumes (which 
depend for their calculation on the hematocrit reading) are subject to some variation 
depending on the different concentrations of red cells in the various parts of the 
circulation. 
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In hemolytic anemias determination of the hemolytic index is 
particularly valuable in cases in which the absolute values of the 
urobilinogen output are only slightly above normal. By relating these 
values to the hemoglobin content a considerable degree of hemolysis 
may be demonstrated. This was particularly evident in 4 cases of 
pernicious anemia in which the blood level of bilirubin was normal. 
In these cases the hemolytic index was the only means for obtaining 
an estimation of the degree of hemolysis. The marked diminution in 
blood destruction following the use of liver extract is a striking 
phenomenon. The finding of an elevated hemolytic index in 2 cases of 
Cooley’s anemia, despite the presence of target cells with increased resis- 
tance to hypotonic solution of sodium chloride indicates that although 
the target cell presents an increased resistance to such solutions in the 
test tube, its intravascular resistance may be distinctly altered. The 
mechanisms which lead to increased blood destruction in Cooley’s 
anemia are still obscure and may be concerned with fundamental 
problems of hemoglobin metabolism. The variations in hemolytic index 
during the course of hemolytic jaundice have been of material assistance 
in assaying the severity of the disease. The great reduction in hemo- 
globin destruction following splenectomy has been of unusual interest. 
As already pointed out, much less hemoglobin is destroyed per unit of 
time in the patient who has undergone splenectomy than in the normal 
person. This may also be the case, even with persistent spherocytosis 
and increased fragility of red cells in hypotonic saline solution, in 
instances of congenital hemolytic jaundice. 

Since the results of our studies have demonstrated that even the 
average daily urobilinogen output of a four day collection of feces may 
of itself be unrevealing or even misleading as regards the question of 
increased blood destruction, the questionable value of determining 
the amount of urobilinogen per hundred grams of stool in a single 
specimen (Sparkman-) should be evident. The amount of uro- 
bilinogen excreted daily should be known, and to have even greater 
significance, this figure should be related to the values for hemoglobin, 
red cell count, hematocrit reading and — ^whenever possible — to the total 
mass of circulating hemoglobin. 

SUMMARY 

1. Determination of the average daily output of urobilinogen in 
the feces has proved of great value in the diagnosis and the follow-up 
study of various blood dyscrasias, particularly in those conditions 
associated with increased blood destruction. 

2. Since the daily fecal output of urobilinogen depends on the total 
mass of circulating hemoglobin, it 'is important to relate the former 
to the latter. This is done in the “hemolytic index,” which shows 
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that 11.1 to 20.8 mg. of fecal urobilinogen is normally derived from 
100 Gm. of circulating hemoglobin in twenty-four hours. 

3. In the presence of anemia or of a small surface area (as in children) 
the hemolytic index may show a greatly increased rate of blood 
destruction, although the absolute content of urobilinogen may be 
normal. This is particularly evident in certain types of hemolytic 
anemia and in pernicious anemia. In instances of the latter disease 
it is not uncommon to find a normal level of bilirubin in the blood 
with a greatly increased hemolytic index. 

4. Of the various indexes of possibly increased hemolysis — 
acholuric jaundice, “indirect” bilirubinemia, an increase in urinary 
excretion of urobilinogen, anemia and leukocytosis — ^none is specific. 
An increase in the fecal output of urobilinogen or in the hemolytic 
index is unequivocal evidence of an increased breakdown of blood. 

1133 Commonwealth Avenue (Dr. Singer). 

113 Bay State Road (Dr. Dameshek). 



FUNCTION OF THE SEPARATE KIDNEYS IN 
HYPERTENSIVE SUBJECTS 


HERBERT CHASIS, M.D. 

AND 

JULES REDISH, M.D. 

NEW YORK 

The presence of a unilateral pyelographic abnormality in a hyper- 
tensive subject has been accepted as having etiologic significance, the 
assumption being that an abnormal pyelogram is indicative of a patho- 
logic change resulting in obstruction to the renal blood flow and that 
the resulting ischemic renal tissue is responsible for elevated blood 
pressure. 

This report is concerned with the correlation of' pyelography and 
renal function in the separate kidneys of 21 hypertensive subjects. In 
addition, the effect on renal function of operative procedures designed 
to increase the renal blood flow will be reported for a small group 
of hypertensive subjects. 

SELECTION OF SUBJECTS 

Twenty-one subjects with well established essential hypertension were chosen 
at random from the hypertension and nephritis clinic of the New York University 
Medical Clinic and from the wards of the Third (New York University) Medical 
Division of Bellevue Hospital, without regard to the presence or absence of 
signs or symptoms of unilateral renal disease. It should be noted that this group 
selected by chance did not include any subject with an advanced destructive renal 
lesion. A second group included 3 subjects with hypertension, each of whom had 
undergone one of the following operative procedures : unilateral renal omentopexy, 
unilateral nephropexy and bilateral splanchnicectomy. 


METHODS 

The methods described by Smith, Goldring and Chasis ^ for determining the 
effective renal blood flow (diodrast clearance, Cd) and the tubular excretory mass 
(Tmo) by the excretion of diodrast at low and at high plasma levels were applied 
to measure these functions in the separate kidneys of these hypertensive subjects. 
Each subject was examined cystoscopically, and a multiple-eyed, large-sized, usually 
number 8F flute-tipped catheter was passed 12 cm. up each ureter. An infusion 

This investigation was aided by a grant from the Commonwealth Fund.^ 

From the Departments of Medicine and Physiology, New York Universitj 
College of Medicine, and the Third (New York University) Medical Division, 
Bellevue Hospital. 

1. Smith, H. W.; Goldring, W., and Chasis, H.: Measurement of the Tubular 
Mass, Effective Blood Flow and Filtration Rate in the Normal Human Kidnej, 
J. Clin. Investigation 17:263-278 (May) 1938. 
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of phenolsulfonphthalein, inuHn and diodrast was given according to the usual 
clearance technic.^ After observation of the ureteral orifices to detect extra- 
catheter leakage, the cystoscope was withdrawn and a urethral catheter inserted 
into the bladder. The appearance time of phenolsulfonphthalein was noted, and 
samples of urine obtained from each kidney were weighed to determine the 
specific gravity. The bladder was washed at intervals to detect leakage. Imme- 
diately after the functional studies, retrograde pyelograms were made with the 
subject in the supine and the erect position. 

Renal blood flow and tubular excretory mass were measured in 10 of these 
subjects both by the ureteral catheter and by the bladder catheter technic, the 
results of both methods agreeing satisfactorily. These observations therefore 
indicate that introduction of a ureteral catheter does not alter the renal blood 
flow, the glomerular filtration rate or the tubular excretory mass.^ 



Fig. 1. — A comparison of the renal blood flow per unit of tubular excretory mass 
in the separate kidneys of 15 hypertensive subjects. 


RESULTS 

Effective Renal Blood Flow . — In figure 1 the renal plasma flow 
(Cd) per unit of tubular excretory mass (Tmn) in each kidney of 15 
hypertensive subjects is shown. The arrows represent the mean normal 
values of these two factors. The mean normal value of the ratio of the 
two factors is 13.4 ± 1.4 ® ; values significantly below this figure indicate 

2. Chasis, H., and Redish, J.; Renal Blood Flow in the Separate Kidneys of 
Hypertensive Subjects, J. Clin. Investigation 20:655-661 (Nov.) 1941. 

3. Goldring, W.; Chasis, H.; Ranges, H. A., and Smith, H. W.: Relations 
of Effective Renal Blood Flow and Glomerular Filtration to Tubular Excretory 
Mass in Normal Man, J. Clin. Investigation 19:737-750 (Sept.) 1940. 
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Subjects with Uncomplicated Hypertension 
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Subjects with Hypertension Who Had Undergone Surgical Procedures for Renal Conditions 
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Right nephropexy in December 19.38. 
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a decreased plasma flow per unit of functional tubular tissue, that is, 
relative ischemia. This ratio has greater signiflcance than the single 
datum of plasma flow, since it takes into account the variation in the 
mass of functioning tissue in the two kidneys caused either by normal 
variations in the size of kidneys or by actual loss of renal parenchyma. 
This is demonstrated by the results obtained on subjects 5, 22 and 2 
(table), in each of whom the disparities in blood flow are related 
to proportionate differences in the tubular excretory mass, as indicated 
by the equality of the ratio between the effective renal blood flow and 
the factor just mentioned. 

It will be noted that as destruction of the tubular tissue progresses 
in hypertensive disease, both kidneys behave in a similar manner, in 
that the blood flow per unit of tubular tissue is roughly equal in the 
two kidneys. In not a single instance is there any indication of significant 
unilateral ischemia. 

In 6 of the subjects who were not operated on the tubular excretory 
mass was not measured; however, the fact that the rate of glomerular 
filtration and the effective renal blood flow were equally depressed in 
the two kidneys argues against the presence of unilateral ischemia. 

The renal blood flow and the tubular excretory mass were found 
not to change significantly in 3 subjects when they were changed from 
a supine to an erect position, but change in position was not accom- 
panied by an abnormal downward movement of the kidney, as deter- 
mined by pyelography. In subject 16, however, the right kidney dropped 
when an erect position was assumed, the ureteropelvic junction remain- 
ing fixed, thereby producing an acute angulation of the ureter. With 
this ptosis was associated a reduction in the renal plasma flow from 
225 to 110 cc., whereas it remained unchanged in the left kidney, 208 
and 193 cc., respectively. With the subject in the upright position the 
tubular excretory mass measured in milligrams of iodine excreted per 
minute was 9.2 on the right side, as compared to 15.4 on the left side, 
giving values of 12.2 and 12.5 on the right and the left side, respectively, 
for the ratio of effective renal blood flow to tubular excretory mass. 
It appears that in this subject in the erect position each kidney received 
an equal amount of blood per unit of functioning tubular tissue. In 
view of this and the fact that the filtration fraction ^ remained the same 
regardless of position, it appears that reflex vasoconstriction of the 
afferent glomerular arterioles, elicited by the ptosis or by the presence 
of the catheter in the ureter, caused temporary occlusion of some of 
the tubular tissue in the right kidney when the subject changed posi- 
tion. 

4. By dividing the filtration rate (inulin clearance, Cm) by the renal plasma 
flow (Cd) the fraction of plasma filtered (filtration fraction) through the glomeru- 
lus can be determined. 
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Pyelographic Data . — The number of subjects examined is admittedly 
small, but it will be noted that they were selected at random. If 
unilateral renal ischemia is significant etiologically, we might expect 
in the group of 21 subjects to find some evidence of that fact. We 
have failed to do so. This negative result is particularly interesting 
in view of the circumstance that a number of these subjects had pyelo- 
grams, on one side or the other, which varied from the normal. Yet 
in spite of this fact the blood flow and the tubular excretory mass did 
not differ significantly on the two sides. 

The pyelographic and the unilateral functional results have been 
recorded in the table. It will be seen that variations from the normal 



Fig. 2 (subject 9). — A, retrograde pj'-elogram (supine position, anteroposterior 
view), showing angulation of the ureters and the low position of the right kidney. 
B, retrograde pyelogram (supine position, lateral view), showing tortuosity of the 
ureters. 

pyelogram were present in 10 of the 21 subjects selected on the basis 
of hypertension alone. The variations ranged from simple low posi- 
tion or angulation of the ureter to ptosis and hydronephrosis. Low 
position of a kidney is generally accepted as having no significance, 
it occurred in 5 subjects, and in none was it associated with either 
hydronephrosis or a disturbance in renal function. Blunting of the 
calices, as seen in retrograde pyelography, can also be dismissed as 
having no significance unless the injection of the contrast medium is 
controlled as to pressure and volume. Of 5 normal subjects on whom 
retrograde pyelography was done, 2 showed dilatation of the ureters 
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and pelves apparently caused by abnormal injection, since these abnoi- 
malities were not present on second examination. 

Angulation of the ureter was observed in 6 hypertensive subjects, 
in 2 the angulation being present on both sides. In all 6, however, 
the renal plasma flow per unit of functional tubular tissue was the same 
in the two kidneys. 

Angulation of the ureter is frequently present without actual con- 
striction of the lumen. In subject 9 (fig. 2 A and 5) marked angula- 
tion appeared in the anteroposterior view; lateral views of the ureters 



Fig. 3 (subject 14) .—Retrograde pyelogram (erect position, anteroposterior 
view), showing angulation of the right ureter and ptosis and first degree hydro- 
nephrosis of the right kidney. The left kidney is normal 

showed that they simply took tortuous courses without obstructive 
kinking. This tortuosity may account for apparent kinking in some 
instances in which on single anteroposterior examination the ureters 
have been reported as abnormal. Thompson and Bumpus ® have demon- 
strated that acute angulations may be produced by deep inspiration, 
and they frequently observed a kink in one roentgenogram whicli was 
absent in a subsequent exposure (although the identical portion of the 

5. Thompson, G. J., and Bumpus, H. C : Ureteral Kinks, T A M A 
771-773 (March 15) 1930. 
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ureter was exposed) taken within a few minutes. Their explanation was 
that the kidney is displaced downward during deep inspiration and that 
the fixed point of the ureter where it leaves the peritoneum becomes 
the point of kinking. 

It is apparent, therefore, that angulation of the ureters usually has 
little significance. When it is associated with hydronephrosis, it is 
generally assumed that the kinking has resulted in increased intrapelvic 
pressure and is responsible for this abnormality. In subject 14 (fig. 3) 
the pyelograms were interpreted as showing angulation of the ureter, 
ptosis and hydronephrosis (first degree) of the right kidney. Here, 
certainly, one must say that anatomically the right kidney is abnormal, 
and one might argue that the anatomic abnormality is the cause 
of the hypertension and on this basis recommend nephrectomy or neph- 
ropexy. Yet the renal blood flow to this abnormal right kidney was 
equal to that to the left kidney, 331 and 308 cc. per minute respectively. 
The tubular excretory mass was also the same on the two sides, indi- 
cating that at the present time the ptosed right kidney had not suffered 
injury in consequence of its ptosis. We must conclude that in this 
subject the hydronephrotic right kidney is merely coincidental and is 
not causally related to the elevated blood pressure. This subject had 
evidence, clinically, of long-standing hypertension, as indicated by enlarge- 
ment of the heart, vascular changes in the ocular fundi and hemiplegia. 
Had the abnormal right kidney been responsible for the development 
of hypertension some time in the past and was the abnormal functional 
condition now present in the left kidney in turn the result of the hyper- 
tensive process, one might expect that the superimposition of hypertensive 
changes in the abnormal right kidney would have resulted in a continua- 
tion of the disparity of function on the two sides. 

Not only did our pyelographic data fail to show a correlation with 
the functional status in these 24 hypertensive subjects, but in 1 of the 
3 hypertensive subjects who had undergone surgical treatment a marked 
disparity in blood flow, filtration rate and tubular excretory mass in 
the two kidneys was associated with normal pyelograms.® Subject 22 
(fig. 4) had lost more than 50 per cent of glomerular and tubular 
function; i.e., the left kidney was functionally only half as good as 
the right, and yet retrograde pyelography revealed kidneys appearing 
equal in size, with normal calices, pelves and ureters. 

Reliability of Specific Gravity of the Urine, Appearance Time of 
Dye and Intravenotis Pyelography. — If the rate of reabsorption of water 
by the tubules at a particular moment may vary in the two kidneys, 
theoretically one might expect a disparity in the concentration of total 

6. As urologists well know, retrograde, as compared to intravenous, pyelographj 
throws little light on the functional status of the kidneys. 
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solids as well as in urine flow from kidneys of equal functional capa- 
city. It will be noted that although the specific gravity is generally 
similar in the two kidneys, marked disparity does occur. Subjects 7 
and 16 (table) exhibited significant variations, although the other 
functional measurements were in agreement. Inequality in urine flow is 
important in that it can readily lead to misinterpretation of the results 
of excretory tests of renal function ; that is, the results of dye concen- 
tration tests may differ in the two kidneys, and yet their blood flow and 



Fig. 4 (subject 22). — Retrograde pyelogram (supine position, anteroposterior 
view), showing no abnormalities in the size or the position of the kidneys; pelves 
and ureters are normal. 

functional capacity may be equal. In many instances, concentrations 
of phenolsulfonphthalein and diodrast in the urine were observed to 
vary considerably in kidneys with equal function, such variations always 
being related to urine flow, as is to be expected in theory. Moreover, 
since there is a large dead space in the ureters, pelves and tubules, 
variations in the appearance time of the dye from two kidneys of equal 
functional capacity may also be tlie result simply of variations in rate 
of urine flow. The appearance time of the dye will vary inversely with 
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the urine flow. In subjects 11 and 14 (table) there was such pro- 
longation of the appearance time on one side, although the other func- 
tional measurements were in agreement. This point is also significant 
in intravenous pyelography, since differences in concentrations of dio- 
drast referable solely to differences in urine flow may result in differ- 
ences in the roentgen shadow. 

Data on Three Hypertensive Subjects Surgically Treated for a Renal 
Condition. — The 3 subjects remaining for discussion are dealt with 
together because they did not have uncomplicated hypertension but had 
undergone nephropexy, omentopexy or sympathectomy as therapeutic 
measures. The pyelographic and the functional data are given in the 
table. 


B. F, was a 44 year old white woman with known hypertension of eight years’ 
duration. In May 1939 she had had a bilateral splanchnicectomy performed in 
another hospital. Observations were made in June 1940, about one year later. 

The effective plasma flow to the right kidney was 8 per cent lower than 
one-half the mean figure obtained in normal females, whereas that to the left 
kidney was 60 per cent lower. The tubular excretory mass was just about one-half 
the mean of the normal value in the right kidney, but one quarter of the mean 
normal value in the left kidney. Retrograde pyelograms in this subject were 
normal (fig. 4). Blood pressure levels were the same as those reported before 
operation. ^ 

This subject showed marked disparity in blood flow atj'TTenal par- 
enchyma in the two kidneys, but the blood flow per unit of tubular 
excretory mass was not significantly different in the two kidneys. Had 
excretory functional tests or even clearance determinations been done 
alone, the fact that the left kidney was receiving only one-half the 
amount of blood received by the right one might have been inter- 
preted as indicating unilateral ischemia. However, since the tubular 
excretory mass was proportionately decreased in the left kidney, each 
unit of tubular excretory tissue received the same amount of blood as 
in the right kidney. 


G. G. was a 17 year old girl with known hypertension of four years’ duration. 
Left renal omentopexy was performed in June 1938, and unilateral observations 
were made in December 1939, eighteen months after operation. 

The blood flow to the two kidneys before operation, determined on two occasions, 
was 818 and 830 cc. per minute; after operation the renal blood flow to the two 
kidneys was 689 and 691 cc. per minute, determined bilaterally and unilaterally, 
respectively. The blood flow to the kidney which was operated on was 36.6 per 
cent less, and in the kidney which was not operated on 16 per cent less, than 
one-half the mean figure obtained in normal females. Retrograde pyelograms were 
normal except for rotation of the surgically treated left kidney. 


In this subject, then, the renal blood flow was lower in the kidney 
which was operated on than in the untreated one, and the total renal 
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blood flow was lower after operation. Blood pressure was unaffected by 
unilateral renal omentopexy. 

L. J. was a 44 year old woman with known hypertension of four years dura- 
tion. Right nephropexy was performed in December 1938 for a ptosed kidney asso- 
ciated with costovertebral pain and hematuria. Unilateral observations were made 
in December 1940, two years later. 

Retrograde pyelography revealed a normal left kidney, whereas the right kidney 
showed angulation of the ureter with first degree hydronephrosis. These pyelo- 
grams were compared with those taken before operation, and it was demonstrated 
that the operation had not changed the position of the kidne 3 S’ although the angula- 
tion did not appear to be acute, there was increased dilation of the pelvis 
and blunting of the calices. Blood pressure levels were unchanged after operation. 

The effective renal blood flow to the surgically treated right kidney and to the 
untreated left one was, respectively, 45 and 15.3 per cent less than one half 
the mean value obtained in normal female subjects. The tubular excretory mass 
was markedly decreased in both kidnej's when compared to normal standards, but 
the blood flow per unit of tubular excretory mass was slightly below the normal 
figure on the treated side and definitely higher than this standard on the untreated 
side. 

Since no unilateral preoperative data are available, and since surgical 
intervention failed to correct the anatomic deformity, we cannot draw 
any conclusion regarding the effect of nephropexy on the function of 
this kidney. Although the kidney which was operated on is receiving 
less blood per unit of functional tissue than the untreated one, the ratio 
of effecti’ e renal blood flow to tubular excretory mass is just 1 stand- 
ard deviation below the mean normal value for the right kidney, and 
it is felt that neither kidney is ischemic. 

CONCLUSIONS 

The impairment of renal parenchyma in hypertensive subjects pro- 
ceeds in a parallel manner in both kidneys, the pace varying in different 
persons. The decrease in renal blood flow is shared equally by the two 
kidneys. In 21 subjects with essential hypertension selected at random 
unilateral renal ischemia was not found to be present in a single 
instance. 

Absolute reduction in blood flow to one or both kidneys, as measured 
by diodrast clearance, does not necessarily demonstrate that renal ische- 
mia is present. This conclusion can be drawn only if the tubular excre- 
tory mass is measured, so that the blood flow per unit of tubular excre- 
tory tissue can be evaluated. 

^ klany common variations in ureteropyelograms are believed to be 
without significance. Pyelographic abnormalities are not necessarily 
associated with functional disparity'’, and conversely, marked functional 
disparity may not be associated with pyelographic abnormalities. 

The rate of reabsorption of water by the tubules and hence the rate 
of urine flow may vary markedly in two kidneys of equal functional 
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capacity. Excretory tests comparing the function of the two kidneys 
should therefore be evaluated with caution, for inequality in urine flow 
of itself can account for variations in specific gravity of the urine, in 
appearance time and relative concentration of dyes and in the roentgen 
shadows in excretory pyelography. 

In 3 hypertensive subjects who had undergone surgical procedures 
for renal conditions significant disparities in the blood flow to the two 
kidneys were observed. In 1 subject who had undergone bilateral 
splanchnicectomy the blood flow was less than normal in both kidneys 
and markedly so in one. In 2 subjects who had had unilateral operations 
(omentopexy and nephropexy) the blood flow to the treated kidney 
was less than that to the untreated kidney. In none of the 3 subjects 
did the elevated arterial tension fall after surgical therapy. 

Drs. Arthur M. Wright, Samuel Standard and Howard S. Jeck performed 
the surgical procedures in this study, and Dr. Robert S. Hotchkiss read the 
ureteropyelograms. 

47 East Sixty-Fourth Street. 

185 Atlantic Avenue, Lynbrook, N. Y. 
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In an earlier paper ^ it was shown that substitution of a mixture of 
essential amino acids for food protein is possible. A hydrolysate of casein 
reenforced by the addition of tryptophan was given subcutaneously or 
intravenously to normal persons and to patients after operation. Five 
of the 7 normal subjects stayed in nitrogen balance throughout the 
experiment. In the surgically treated subjects the injections helped to 
maintain nitrogen equilibrium. 

Naturally, the question arose whether such injection of amino acids 
would be efficacious in the treatment of patients suffering from various 
disorders. In pursuit of this problem the following study was undertaken. 

MATERIAL AND METHOD 

Nitrogen balance studies were made on 19 subjects observed over periods of 
two to thirteen weeks. There were 9 patients with malignant growths, 3 with 
hyperthyroidism, 1 with myxedema, 2 with empyema, 2 with chronic glomerulo- 
nephritis, 1 with cirrhosis of the liver and 1 with cardiac decompensation with 
icterus. The methods used were similar to those described previously.^ The diet 
served was uniform tlirough the alternating control and experimental periods. 
It varied from SO to 60 calories and from 1.0 to 1.5 Gm. of protein per kilo- 
gram of body weight and was in general a high carbohydrate diet. The rejected 

♦Research Fellow, Department of Internal Medicine, William J. Seymour 
Hospital. 

1, Altshuler, S. S. ; Hensel, H. M.,.and Sahyun, M. : Am. J. M Sc 200*239 
1940. ■ ■ ■ ’ 
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food from each meal was returned to the diet kitchen, where it was weighed and 
its nitrogen content subtracted from that of the amount served.^ 

The mixture of amino acids used was the same as that described previously. 
It contained 1.0 per cent nitrogen, 5.0 per cent dextrose, 0.015 per cent potassium 
chloride, 0.7 per cent sodium chloride and traces of calcium and sulfate ions.^ 
Before being used clinically each lot of amino acids was proved to be sterile 
and free from pyrogens. It was shown to be free of all reaction-producing 
substances when injected intravenously in daily increasing amounts of 1 to 300 cc. 
into at least 3 human subjects. Only lots entirely free from all such substances 
were used. When these precautions were taken, during the course of the study 
no reactions were encountered that could have been attributed to faulty material. 

With the first lots used the rate of administration was about 0.3 Gm. of amino 
acid nitrogen per hour, but with improvement of the product the rate came to be 
1 to 2 Gm. per hour. The criteria for determining the rate of administration 
were the subjective symptoms of the patient. When the rate of injection was 
too rapid the patient complained of flushing or burning of the skin, headache, 
backache, chills and fever and nausea, which in some cases progressed to vomiting. 
On decreasing the injection rate these symptoms rapidly subsided. It was also 
noticed that when the rate of administration was too rapid a greater percentage 
of the amino acids was excreted in the urine. 

In all cases twenty-four hour specimens of urine were collected daily in clean 
dry jugs under toluene. Determinations of the total and the nonprotein nitrogen 
(by nesslerization^), amino acid nitrogen (by the method of Folin as modified by 
Sahyun®), creatine and creatinine^ and urea nitrogen ^ were made daily. The 
nitrogen of the feces was not determined; however, in calculation 2 Gm. of nitro- 
gen was added as an allowance for the feces. The amino acids administered 
were either excreted as such in the urine or retained in the body for metabolism. 
The amount excreted was calculated by subtracting the average daily urinary 
output of amino acid nitrogen during all the control periods from the average 
■daily urinary output of amino acid rfitrogen during each experimental period. 

The amino acids retained in the body for metabolism were either deaminized 
or utilized for tissue protein synthesis. The quantity of amino acids deaminized 
was determined b}’’ subtracting the average daily excretion of urea nitrogen during 
all the control periods from the average daily excretion of urea nitrogen during 
•each experimental period. No allowance has been made for daily variation in the 
food protein. Several formulas were tried to correct for this variation, but none 
was satisfactor 3 ^ We acknowledge this limitation. 

MALIGNANT GROWTHS 

The first series of observations was made on patients with malignant 
growths. Because patients with carcinoma are subject to inanition and 
malnutrition they are poor surgical risks ® and tolerate poorly high 

2. Waller, D.: Nutritive Value of Foods, University Hospital, Ann Arbor, 
Mich., unpublished data. 

3. This material was prepared by Dr. Melville Sahjmn, of Frederick Stearns 
and Company, Detroit. 

4. Folin, O., and Wu, H.: J. Biol. Chem. 38:81, 1919. 

5. Sahyun, M., and Goodell, M. : J. Lab. & Clin. Med. 24:o48, 1939. 

6. Ravdin, D. S. : Ann. Surg. 111:915, 1940. 
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voltage roentgen therapy." One prerequisite, then, for active treatment 
of carcinoma is that a patient be in a good state of nutrition. 

Protein balance studies on patients with carcinoma have been con- 
ducted by various investigators. Von Mueller in 1886® and in 1889® 
made careful experiments on 9 patients with carcinoma and was able 
to reduce the loss of nitrogen by feeding a high caloric diet of 52 calories 
per kilogram of body weight, containing a total of 20.78 Gm. of 
protein nitrogen. Even so, the patients were not brought into positive 
nitrogen balance. Klemperer in 1891 cited 8 patients with carcinoma, 
3 of whom were fasting, while 5 had a low calory intake. Two of the 
fasting patients had a nitrogen output almost double the normal value; 
in the third the loss of nitrogen was within normal limits. Of the 5 
remaining patients, 1 could be put into positive nitrogen balance by an 
increase of the caloric intake; the protein content of the diet was not 
mentioned. Wallersteiner in 1914 investigated 20 cases of carcinoma in 
which the gastrointestinal tract was not involved, so that assimilation of 
food was normal. She selected cases in which there was extreme cachexia. 
She encountered a high output of jiitrogen in only 10 per cent of the 
cases (2), and this nitrogen deficit was met by adequate high calory 
feedings. She interpreted this to mean that the high nitrogen output is 
probably due to extreme inanition only. Lauter and Jenke in 1925 
in experiments on minimal requirement of nitrogen found that in 2 
of 3 cases of carcinoma there was an increased protein requirement of 
70 and 100 per cent, respectively, above normal. 

If one judges from the literature the consensus is that a patient with 
a malignant neoplasm could possibly be kept in nitrogen balance if the 
onset of inanition could be forestalled. It appeared that this might be 
effected by a high calory intake and the injection of amino acids. For 
this study patients were selected who were in a fairly good state of 
nutrition. Five of the 9 either were receiving or had recently received 
high voltage roentgen therapy. 

The data obtained from studies of these 9 subjects with malignant 
neoplasms appear in table 1. 

Case 1. — A 54 year old man had a carcinoma of the floor of the mouth with 
extension into the mandibular bone; his ability to chew was moderately impaired. 
He was studied during three control and hvo experimental periods. During the 
first experimental period he retained 9/.8 per cent of the amino acid nitrogen 
and -during the second, 98.8 per cent. Although the food protein intake was less 

7. Nenda, P. : Therap. d. Gegenw. 65:411, 1924. 

8. von Mueller, F.: Berl. klin. Wchnschr. 41:702, 1886. 

9. von Mueller, F.: Ztschr, f. klin. Med. 16:496, 1889. 

10. Klemperer. G. : Charite-Ann. 16:138, 1891. 

11. Wallersteiner, E. : Deutsches Arch. f. klin. Med. 116:145, 1914. 

12. Lauter, S., and Jenke, if.: Deutsches Arch. f. klin. Med. 146:323, 1925 



Table 1. — Results of Nitrogen Balance Studies on Patients with Malignant Neoplasms Given Amino Acids Intravenously 
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• Tho letter 0 deslRnates a control period, and the letters AA, an experimontal period. The numbers which follow these letters show the number of days In 
each period. 

t Tho patient In case 1 had proteinuria; therefore figures for total nitrogen include I.-ISO Gm. of urinary protein nitrogen during period a, 1.2S0 Gm. of urinary 
protein nitrogen during period h and 1.5S0 Gm. of urinary protein nitrogen during period c. 
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during the experimental periods, he retained a sufficient amount of amino acid 
nitrogen to increase the degree of positive nitrogen balance. 

Case 2. — A 52 year old man had a lymphosarcoma of the left tonsillar region 
with metastases to cervical and to submental lymph nodes. He was studied during 
one control and one experimental period. During the latter he retained 97.9 ^ per 
cent of amino acid nitrogen, which was sufficient to increase the degree of positive 
nitrogen balance. 

Case 3.— A 62 year old man had a carcinoma of the descending colon; there 
was a partial intestinal obstruction, with carcinomatous peritonitis and ascites. 
The diagnosis was confirmed by biopsy of material taken at the time of lapa- 
roscopy. The patient was studied during two control and one experimental period. 
During the last-named period 97.4 per cent of the amino acid nitrogen was retained, 
which increased tlie positive nitrogen balance. 

Case 4. — A 46 year old woman had a multiple myeloma and a basal metabolic 
rate of + 46 per cent. She was studied during two experimental and two control 
periods. During the first experimental period she was given 4.0 Gin. of amino 
acid nitrogen daily, of which 97.7 per cent was retained. This changed the nega- 
tive nitrogen balance during the control period to a positive balance during this 
experimental period. During the second experimental period she was given 5.85 
Gm. of amino acid nitrogen daily, all of which was retained. 

Case 5. — A 57 year old man had a carcinoma of the bladder with metastasis 
to tlie left femur. During the first control period he received four roentgen treat- 
ments of 200 r each to the left pelvic region as a palliative measure. The study 
included three control and two experimental periods. Although the food protein 
nitrogen intake decreased considerably during the experimental periods, a positive 
nitrogen balance was obtained, while the nitrogen balance was negative during 
the second and the third control period. 

Case 6 , — K 64 year old man had a carcinoma of the right side of the man- 
dibular bone. He had received a course of high voltage roentgen treatments from 
a private physician. The last treatment had been given about eight weeks before 
the start of this study. The investigation continued through two control and two 
experimental periods. During the firstif experimental period 95.2 per cent of the 
amino acid nitrogen was retained and during the second experimental period 97.6 
per cent was retained. The patient was in negative nitrogen balance during the 
first control period but in positive balance during the other periods. The degree 
of positive balance was much higher during the experimental periods. 

Case 7. — A 53 year old man had a carcinoma of the larynx. A diagnosis of 
cavernous tuberculosis of the upper lobe of the right lung was made during the 
studies on nitrogen balance. He had a temperature up to 101 F. throughout. 
His legs were edematous. Serum protein values were 2.9 Gm. of albumin and 

2.0 Gm. of globulin per hundred cubic centimeters. The edema was thought to 
be of nutritional origin, and injections of amino acids were suggested because 
one month of high protein, high vitamin diet and intramuscular injections of 

3.000 international units of vitamin Bi (thiamine hydrochloride) every second day 
did not correct the low serum protein values. The patient had finished the first 
course of roentgen therapy thirty-seven days before this study was begun, and a 
second course was started at the outset of the study. He was studied for three 
periods, two control and one experimental. During the last-named period the 
patient received 9.786 Gm. of amino acid nitrogen daily, of which 95.1 per cent 
was retained. This increased greatly the degree of positive balance. The blood 
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serum levels of albumin and globulin remained low. Hepatic function tests were 
done at the end of the study, including excretion of urobilinogen in the urine 
and the bromsulphalein, galactose and hippuric acid tests. The results of all tests 
were negative. 

Case 8. — A 74 year old man had a carcinoma of the floor of the mouth and 
the tongue; his ability to eat was much impaired. Before the beginning of this 
study he had received thirty daily irradiations of 200 r each. He was studied 
during three control and two experimental periods. During the final two periods 
his caloric and fluid intake were increased by additional injections of 2,000 cc. of 
5 per cent dextrose solution daily. He was also given two blood transfusions 
of 500 cc. each during this time. In the first experimental period he received 
8.5 Gm. of amino acid nitrogen daily, which was enough to convert the preceding 
negative balance into a positive one, even though less food protein was taken. 
During the second experimental period he received 8.75 Gm. of amino acid nitro- 
gen daily, with which he did not maintain a positive nitrogen balance, partly 
because the urea nitrogen excretion was greatly increased. The results of hepatic 
function tests showed impairment. 

Case 9. — A 31 year old man had a l}'mphofibrosarcoma of the mesenterium 
and the mesenterial lymph nodes. At the outset of the study he received the last 
of twelve daily irradiations of 200 r each. He was given five more within the 
first week of the stud}'. There were one control and one experimental period. 
During the latter he received 7.857 Gm. of amino acid nitrogen daily, of which 
95.6 per cent was retained. The negative nitrogen balance in this patient also 
was in great part due to the marked increase of urea nitrogen e.xcretion. Results 
of hepatic function tests were negative. 

Data given in tables 1 and 4 show that in 7 of 9 patients suffering 
from malignant neoplastic diseases, nitrogen administered intravenously 
in the form of amino acid solution was almost completely utilized for 
the establishment or maintenance of a positive nitrogen balance. 

In 7 patients the utilization of the amino acids injected was sufficient 
to convert a negative nitrogen balance to a positive one or to raise a 
positive one to a higher degree. 

That high voltage roentgen therapy may have an effect on amino 
acid metabolism is suggested by the increase of urea nitrogen excretion in 
cases 8 and 9, causing a negative nitrogen balance in patients who had 
received roentgen treatments more recently than seven weeks before the 
beginning of the study. 

Hepatic function tests were done on 3 patients, and the results 
revealed significant impairment in only 1 (case 8). 

THYROID DISEASE 

The next group investigated consisted of 3 patients with hyper- 
thyroidism and 1 patient with myxedema (table 2). 

C.\SE 10. — A 62 year old man had been under observ'ation in the hospital for 
more than five months. After receiving 15 minims (0.92 cc.) of compound solution 
of iodine U. S. P. daily for four months the basal metabolic rate was reduced 
from -p 40 to -}- 4 per cent. He was studied for one experimental and one control 



Table 2. — Results of Nitrogen Balance Studies on Patients xvUh Thyroid Disease Given Amino Acids Intravenously 
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* 'i'he letter 0 clesiBiintes a control period, and tlio letters AA, an experimental period. Tlie numbers which follow these letters show the number of days in 
each period. 
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period, during both of which 1,000 cc. of 10 per cent dextrose solution was given 
intravenously daily in addition to the diet taken. During the experimental period 
he was given 4.917 Gm. of amino acid nitrogen daily, of which enough was 
retained to maintain a positive nitrogen balance, although the balance became 
negative in the succeeding control period. The patient gained- 1.6 Kg. during the 
two periods. 

Case 11 . — A 19 year old woman had had thyrotoxicosis for the past year, had 
been treated intermittently wdth compound solution of iodine and had received 
high voltage roentgen therapy five and a half months before the beginning of this 
studj'. The basal metabolic rate had been reduced to +25 per cent. She was 
studied for three periods, two control and one experimental. During the last- 
named period she was given 4.583 Gm. of amino acid nitrogen daily, which 
changed the previously negative nitrogen balance to positive. Creatinine output 
was slightly above normal throughout the study. 

Case 12. — A 58 year old man had thyrotoxicosis, substernal thyroid enlarge- 
ment and congestive heart failure with hypertrophy, dilatation and auricular fibril- 
lation possibly of thyrotoxic origin. The congestive phenomena had disappeared 
before the onset of this stud}'. The patient had received a course of high voltage 
roentgen therapy six weeks before the study was begun. The basal metabolic 
rate was + 63 per cent. He was studied for three periods, two control and one 
experimental. During the last-named period he was given 5.0 Gm. of amino acid 
nitrogen daily, 96.2 per cent of which was retained. The basal metabolic rate 
did not change during the study. 

Case 13. — A 71 year old woman had a history of myxedema of twenty years’ 
duration without treatment. The basal metabolic rate was — 40 per cent. She 
was studied through three control and two experimental periods. Thyroid was 
given during the last experimental and the las't two control periods. During the 
first experimental period, 4.0 Gm. of amino acid nitrogen was injected daily and 
the previous negative nitrogen balance was converted to positive. During the 
second experimental period, 3.917 Gm. of amino acid nitrogen was given daily, 
which again put the patient into positive nitrogen balance. Over 98 per cent of 
the amino acid was retained. 

The patient with myxedema was in positive nitrogen balance with 
a much lower nitrogen and calory intake than tvere those with thyro- 
toxicosis. In the hyperthyroid patients a large percentage of the retained 
amino acids was deaminized. The patients in cases 10 and 11 gained 
weight, and the patient in case 12 improved clinically while under study ; 
the patient in case 13 lost weight, probably because of the low caloric 
intake and the thyroid medication. 

EMPYEMA 

Two patients with empyema showed a reversed serum albumin- 
globulin ratio; so both were given injections of amino acids (table 3). 
Both were constantly losing an undetermined amount of protein through 
the discharge of pus from their pleural incisions. 

Case 14. — A 59 year old man was studied during one experimental and one 
control period. During the former he was given 7.5 Gm. of amino acid nitrogen 
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daily, of which 95.4 per cent was retained to decrease the negative nitrogen 
balance. The values for serum albumin and globulin did not change. 

Case 15 . — K 66 year old man was studied for one experimental and one control 
period. During the former he was given 7.417 Gm. of amino acid nitrogen daily, 
which resulted in a positive nitrogen balance 3.9 Gm. daily higher than that of 
the control period. 

It was not possible to determine the urinary excretion of urea 
nitrogen in cases 14 and 15, so the utilization of amino acid nitrogen 
could not be accurately calculated ; however, the effect of the injections 
on the nitrogen balance was favorable. 

NEPHRITIS 

Two patients had conditions given the diagnosis of chronic glomerulo- 
nephritis (table 3). 

Case 16 . — K 54 year old man had been admitted to the hospital in a pre- 
uremic condition and was considered to be in an azotemic state of chronic glo- 
merulonephritis. Six weeks after admission, when the emergency had subsided 
and the nonprotein nitrogen was down to 48 mg. per hundred cubic centimeters, 
this study was started. The patient was observed through one experimental and 
one control period. Serum albumin and globulin were low. He received supple- 
ments of vitamin Bi and riboflavin and 0.5 grain (0.03 Gm.) of desiccated thyroid 
daily. He had received injections of mercupurin before the study began, and for 
this reason urea nitrogen determinations were not done. During the experimental 
period of nine days the patient received 4.4 Gm. of amino acid nitrogen daily, 
of which 97.3 per cent was retained. The patient gained 2 Kg. in weight, which, 
however, may have been due to increased tissue edema. The nitrogen balance 
was made more positive. 

Case 17 . — K 29 year old woman had a condition given the clinical diagnosis 
of chronic glomerulonephritis with secondary hypertension, anemia and edema. 
With a nitrogen intake of 12.23 Gm. daily the patient was in negative nitrogen 
balance, losing 1.734 Gm. daily. The output of creatine was in the upper limits 
of normal at 96 mg. per hundred cubic centimeters. There were five control and 
four experimental periods. During the last-named periods she received an average 
of 6.1 Gm. of amino acid nitrogen daily, of which about 97 per cent was retained. 
The serum albumin at the start of the study was 1.52 Gm. per hundred cubic centi- 
meters, and at the end it was 2.3 Gm. The serum globulin at the time of the 
third control period was 2.9 Gm. per hundred cubic centimeters and at the end 
of the study 5.2 Gm. It can be surmised that the regeneration of the plasma 
protein was due to the amino acids. 

Both of these patients had hypoproteinemia, and both retained a 
significant amount of amino acids for protein synthesis. In these patients 
the injections maintained or increased positive nitrogen balances. These 
results confirm those of Farr and co-workers.^^ 

13. Farr, L. E., and MacFadyen, D. A.: Proc. Soc. Exper. Biol. & Med. 
42:144, 1939. Farr, L. E. ; Emerson, K., and Fulcher, P. H. : J. Pediat. 17:595, 
1940. 
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HEPATIC DISTURBANCES (TABLE 3) 

Case 18. — A 45 year old man had cirrhosis of the liver, with splenomegaly 
and ascites, and a history of chronic alcoholism of twenty years’ duration. Supple- 
ments of vitamin B complex and vitamin C, as well as injections of dextrose were 
given during the study. The serum contained 1.8 Gm. of albumin and 5-2 Gm. of 
globulin per hundred cubic centimeters. The administration of mercupurin made 
data on urea nitrogen excretion unreliable. The patient was studied through one 
control and one experimental period. During the latter, which lasted fifteen days, 
5.0 Gm. of amino acid nitrogen was given daily, of which 95.2 per cent was 
retained. The negative nitrogen balance was about 2.0 Gm. less during the experi- 
mental period than during the following control period. This may in part be 
explained by the decrease of food protein intake during the control period. The 
blood albumin-globulin ratio was not changed. The icteric index was 31, and 
abnormal results of three hepatic function tests showed decreased function. 

Case 19. — A 57 year old man was admitted in an acute -state of cardiac 
insufficiency with icterus, ascites and edema. He was studied for one control and 
one experimental period, during which time he was receiving 3,000 international 
units of vitamin Bi (thiamine hydrochloride) intramuscularly and ammonium 
nitrate in amounts equaling 2.048 Gm. of nitrogen daily. During the experimental 
period he was given 5.25 Gm. of amino acid nitrogen daily, but a decrease in food 
protein neutralized the effect produced by these injections, so that the total intake 
was about the same in these .two periods. However, 96 per cent of the amino 
acid administered was retained. 

Although these 2 patients with hepatic disturbances retained about 
95 per cent of the amino acid administered, there was no apparent 
improvement in the nitrogen balance. 

COMMENT 

The results of the nitrogen balance studies on 19 patients who 
received a solution of amino acids intravenously are shown in tables 1, 
2 and 3. The figures are average daily determinations throughout the 
periods of study. In changing from a control to an experimental period 
the reflection in the nitrogen excretion, or the “lag,” from one regimen 
to the other was a matter of hours rather than days, and consequently 
it was not considered necessary to put the patients on preparatory 
regimens between periods. 

It was observed that in some instances in which there were two or 
more control periods, during the control period following an experimental 
period there was a lower nitrogen deficit or a greater positive balance. 
An example is seen in case 11. This was not interpreted to be a lag 
of protein metabolism holding over from the experimental period but 
rather to indicate that a patient was better able to utilize the nitrogen 
of his food. This may lepresent a beneficial effect on the mechanism of 
protein metabolism. However, on this point further investigation is 
needed. 

The fate of the amino acids utilized in the body is, first, the replace- 
ment of body protein which is broken down by catabolism and, second, 
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utilization for some specific purpose, such as formation of hormones, 
bile salts, catalysts, purines, pigments, etc. However, if the intake 
of carbohydrates and fat is inadequate for caloric' needs, body protein 
may be broken down to be used for energy. Under such circumstances 
the aminb acids might be burned directly or converted into sugar and 
fat. Inasmuch as no other substance can be substituted for the essential 

Table 4. — Disposition of Amino Acids Intravenously Administered to 
Patients zvith Various Disorders 


Amino Acid Nitrogen Utilized 



Amino Acid Amino Acid 

Nitrogen Nitrogen Excreted* 

rJiTron — - A 


Nitrogen from 
Deaminization t 

N 

Protein Synthesis 

Case 

Gm. ’ 

Gm. 

Per Cent 

of Total 

Gm. 

Per Cent 

Gm. 

Per Cent 

1 

o.cer 

0.20S 

2.2 

97.8 

0.507 

5.9 

8.892 

91.9 


10.000 

0.197 

1.2 

98.8 

— 0.491t 


9.802 

98.8 

2 

9.280 

0.194 

2.1 

97.9 

2.216 

23.9 

7.875 

74.0 

S 

C.7SG 

0.170 

2.0 

97.4 

0.998 

14.7 

5.611 

82.7 

4 

4.000 

0.091 

2.3 

97.7 

1.193 

29.8 

2.716 

67.9 


5.850 

0.000 

0.0 

100.0 

—1.126} 

• • • 

5.850 

100.0 

5 

0.143 

0.320 

S.2 

94.8 

2.522 

41.1 

3.300 

53.7 


8.000 

0.007 

0.8 

99.2 

0.049 

S.l 

7.283 

91.1 

G 

8.500 

0.407 

4.S 

95.2 

■ 0.395 

4.6 

7.698 

90.0 


10.000 

0.242 

2.4 

97.0 

—1.309} 

... 

9.758 

97.0 

7 

9.760 

0.47S 

4.9 

95.1 

0.230 

2.8 

9.078 

92.8 

8 

8.500 

0.483 

3.7 

94.3 

0.817 

9.0 

7.299 

84.7 


8.750 

0.410 

4.7 

95.3 

2.801 

32.0 

5.532 

03.3 

0 

7.837 

0.349 

4.4 

95.6 

3.756 

47.8 

3.752 

47.8 

10 

4.017 

0.247 

5.0 

95.0 

0.823 

10.7 

3.847 

78.3 

11 

4.5S3 

0.260 

5.8 

94.2 

1.829 

39.9 

2.487 

54.3 

12 

5.000 

0.190 

3.8 

90.2 

2.516 

50.S 

2.293 

45.9 

13 

4.000 

0.002 

1.0 

98.5 

0.407 

10.2 

3.531 

83.8 


3.917 

0.070 

l.S 

98.2 

0.322 

8.2 

3.524 

90.0 

17 

7.200 

0.170 

2.4 

97.6 

0.520 

7.3 

0.498 

90.3 


5.525 

0.186 

3.4 

96.0 

1.480 

20.7 

3.858 

69.9 


7.170 

0.105 

2.3 

97.7 

1.5SS 

22.1 

5.417 

75.6 


4.500 

0.184 

4.0 

96.0 

1.271 

28.2 

3.045 

67.8 


Amino Acid Amino Acid 

A A 


Case 

Amino Acid 
Nitrogen Given, 
Gm. 

Nitrogen Excreted * 

Gm. Per Cent 

X 

f \ 

Nitrogen Utilized 

Gm. Per Cent 

14 

7.500 

0.348 

4.0 

7.152 

95.4 

15 

7.417 

0.230 

3.1 

7.187 

90.9 

16 

4.400 

0.120 

2.7 

4.281 

97.3 

18 

5.000 

0.242 

4.8 

4.758 

95.2 

19 

5.250 

0.206 

3.9 

5.043 

96.1 


* Amino acid nitrogen excreted in the urine in excess of that excreted during the eontrol 
period(s). 

t Amino acid nitrogen from deaminization is the amount of increase in the urea nitrogen 
excreted over that excreted during the control Berlod(s). 

f See the text for the e.xplanation of decreased deaminization. 


amino acids to build body protein, it is of some importance to determine 
how much of the amino acids administered in this study was retained 
for the purpose of anabolism. 

Table 4 shows the amount of the amino acids excreted, the amount 
deaminized and the amount retained and presumably used for building 
body proteins. These amounts are expressed both absolutely and rela- 
tively. The amount excreted is determined by subtracting the average 
amount of amino acid nitrogen excreted in the urine during the control 
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periods from the amount excreted during each of the experimental 
periods. The amount deaminized is determined by subtracting the 
average amount of urea nitrogen excreted in the urine during the control 
periods from that excreted during each experimental period. We 
recognize that these estimated values are only approximations. The sum 
of the amount of amino acid nitrogen excreted and the amount deamin- 
ized subtracted from the total amino acid nitrogen administered gives 
the amount retained and presumably utilized for body proteins. 

In cases 1, 4 and 6 experimental periods occurred in which the 
■excretion of urea nitrogen was less than that during the control period. 
It is suggested that this may indicate a protein-sparing action of the 
amino acids. 

The patients with malignant neoplasms retained between 94.3 and 
100.0 per cent of the amino acids, of which 47 to 100 per cent was used 
presumably for protein synthesis. 

In the patients with hyperthyroidism (cases 10, 11 and 12) the 
amino acid retention was about 95 per cent, of which 78.3 per cent, 
54.3 per cent and 45.9 per cent, respectively, was used presumably for 
protein synthesis. 

The patient with hypothyroidism and myxedema (case 13) retained 
•over 98 per cent of the amino acids administered, of which almost 90 
per cent was used for protein synthesis. 

The patients with empyema (cases 14 and 15), as well as those 
with chronic nephritis (cases 16 and 17), retained almost all of the 
amino acids administered. Both of the latter patients had hypopro- 
teinemia at the beginning of the study. The amino acids were also well 
utilized by the patients with hepatic disturbances (cases 18 and 19). 
However, because determinations of urea nitrogen were not made on 5 
•of these last 6 patients, it is not possible to establish how much of the 
amino acids metabolized was used for protein synthesis. 

Referring again to the first three tables, the data on creatine and 
•creatinine are difficult to interpret because the figures are so widely 
divergent. Normally, men excrete insignificant amounts of creatine, 
though in children and to some extent in women the excretion of 
moderate amounts of the substance is physiologic.^^ Creatine and 
creatinine metabolism is regarded as a phase of endogenous protein 
metabolism, and the amount of creatinine excreted, a measure of this 
metabolism.^^ The excretion of creatinine is thought to be uninfluenced 
by protein in the diet.^" However, it has been pointed out that a large 
number of factors enter into this matter. Creatinuria is manifested in 
starvation, muscular diseases, exophthalmic goiter, eclampsia and dia- 

14. Bodansky, M.: Introduction to Physiological Chemistry, New York Tohn 
Wiley & Sons, 1934, p. 429. ’ " 
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betes.^® All forms of creatinuria are due either to incomplete storage 
of creatine or to the incomplete conversion of creatine to creatinine, so 
that the amount of creatine present in the urine is at the expense of 
creatinined^ Beard expressed the opinion that any amino acid except 
proline or oxyprolin if fed or injected in sufficient amounts will increase 
creatine formation and excretion. This concept is not universally 
accepted.^" 

Because the total amount of creatine and creatinine in tissue and 
in urine is independent of the diet, the interpretation of the data is 
difficult. There was considerable variation in creatine excretion and 
creatinine excretion in the same patient. With this qualification the 
following phenomena were observed: The patient with multiple mye- 
loma (case 4) excreted about three times the normal amount of crea- 
tine; the patient with lymphofibrosarcoma (case 9), about four times 
the normal amount, and 1 patient with carcinoma of the mouth (case 
8), twice the normal amount. The 3 patients with hyperthyroidism 
(cases 10, 11 and 12) excreted an amount greater than the normal, 
while the patient with myxedema (case 13) excreted less than normal. 
The 2 patients with infections (cases 14 and 15) and 1 of the patients 
with cirrhosis (case 18) also had high creatine and creatinine excretions. 

CONCLUSIONS AND SUMMARY 

Solutions of amino acids can be administered intravenously at the 
rate of 1 to 2 Gm. of amino acid nitrogen per hour. 

Solutions of amino acids injected into 19 patients suffering from 
various diseases were uniformly well tolerated. 

Over 94 per cent of the amino acids administered intravenously was 
utilized in 9 patients with malignant neoplasms, 3 patients with hyper- 
thyroidism, 1 patient with hypothyroidism, 2 patients with chronic 
infections, 2 patients with chronic nephritis and 2 patients with cir- 
rhosis of the liver. 

'William J. Se 3 'mour Hospital. 

15. Bodansky, M., and Bodansky, O. : Biochemistry of Disease, New York, 
The Macmillan Company, 1940, p. 417. 

16. Beard, H. H., in Luck, J. M. : Annual Review of Biochemistry, Stanford 
University, Calif., Annual Reviews, Inc., 1941, p. 245. 

17. Schoenheimer, R., and Ratner, S., in Luck, J. M. : Annual Review of Bio- 
chemistr 3 % Stanford Universitj% Calif., Annual Reviews, Inc., 1941, p. 213. 



PRODUCTION AND STUDY OF CARDIAC FAILURE 
IN THIAMINE-DEFICIENT PIGEONS 


ROY LAVER SWANK, Ph.D., M.D. 
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BOSTON 

Although cardiac failure occurs frequently in thiamine-deficient 
human beings (beriberi^), it is rarely encountered in animals with 
experimental thiamine deficienc3^ MacCarrison ” and Findlay ® observed 
hydropericardium in an occasional pigeon allowed to eat a thiamine- 
deficient ration ad libitum. Other indications of cardiac failure were 
lacking, however, and these experiments were done so early that it was 
impossible to exclude other contributing nutritional causes. More 
recently, signs and symptoms of cardiac failure have been produced in 
thiamine-deficient dogs.^ Bradycardia has been noted in thiamine-defi- 
cient pigeons,® with and without abnormal electrocardiograms, whereas 

From the Departments of Medicine and Pathology, Harvard Medical School, 
and the Medical Clinic of the Peter Bent Brigham Hospital. 

1. (o) Kepler, E. J. : Beriberi from a Diet of Raw Starch, J. A. M. A. 85: 
409 (Aug. 8) 1925. (b) Scott, L. C., and Herrmann, G. R. ; Beriberi (“Maladie 
des Jambes”) in Louisiana, ibid. 90:2083 (June 30) 1928. (c) Keefer, C. S. : The 
Beriberi Heart, Arch. Int. Med. 45:1 (Jan.) 1930. (d) Inada, R. : Symptoms 
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Prior Companj'-, Inc., 1920. 

2. MacCarrison, R. : The Pathogenesis of Deficiency Disease, Indian J. M. 
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3. Findlay, G. M.: An Experimental Study of Avian Beriberi, J. Path. & 
Bact. 24:175, 1921. 

4. Swank, R. L.; Porter, R., and Yeomans, A.: The Production and Study 
of Cardiac Failure in Thiamin Deficient Dogs, Am. Heart J. 22:154, 1941. 

5. Carter, C. W., and Drury, A. N.: Heart Block in Rice Fed Pigeons, 
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Biochem. J. 24:1811, 1930; Maintenance Nutrition in the Pigeon and Its Relation 
to Heart Block, ibid. 28:932, 1934. Mehes, J., and Peter, F.: Die Wirkung des 
Digitoxins auf das E.K.G. der normalen und der an experimenteller Beriberi 
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tachycardia has been observed in thiamine-deficient dogs.® In rats 
bradycardia has been observed by some investigators/ but others ® have 
expressed the opinion that this might be due to concomitant starvation. 

In a recent paper ° we have pointed out that the symptoms of experi- 
mental thiamine-deficiency in pigeons vary greatly depending on the 
form of the deficiency. In pigeons that are made acutely deficient in 
thiamine by tube feeding, so that fasting is prevented, opisthotonos 
•develops. When, however, they are made chronically deficient (depleted 
of thiamine slowly by feeding them by tube a diet but partially free of 
thiamine), ataxia and later weakness of the legs develop. Many chroni- 
cally deficient pigeons, but none of the acutely deficient ones, were 
found at autopsy to have incidental evidence of a failing heart, such as 
hydropericardium, pulmonar}^ congestion and edema, engorgement of 
the liver and (or) edema of dependent parts, and if their already low 
thiamine intake was discontinued a few da)'s before autopsy, acute car- 
diac failure, with dyspnea at rest, developed. Areas of necrosis in the 
myocardium with polymorphonuclear cell infiltration and loistologic 
confirmation of pulmonary congestion were observed in many of these 
pigeons.^® 

In this paper the results of clinical, pathologic, chemical and electro- 
cardiographic studies on pigeons that exhibited changes compatible with 
•cardiac failure will be reported in greater detail.^®® 

MATERIAL AND METHOD 

All of the observations were made on white Karneaux pigeons 6 to 8 weeks 
old at the beginning of experimentation. They were fed by tube and caged as 

6. de Soldati, L. ; Los trastornos circulatorios del perro en avitaminosis Bi. 
El pulso, la tension arterial y el electrocardiograma, Rev. Soc. argent, de biol. 
15:142, 1939. Swank, Porter and Yeomans.'* 

7. (a) Drury, A. N. ; Harris, L. J., and Maudsley, C. : Vitamin B deficiency 
in the Rat: Bradycardia as a Distinctive Feature, Biochem. J. 24:1632, 1930. 
{b) Birch, T. W., and Harris, L. J. : Bradycardia in the Vitamin Bi Deficient 
Rat and Its Use in Vitamin Bi Determinations, ibid. 28:602, 1934. (c) Weiss, 
S.; Haynes, F. W., and Zoll, P. M. : Electrocardiographic Manifestations and 
the Cardiac Effect of Drugs in Vitamin Bi Deficiency in Rats, Am. Heart J. 
15:206, 1938. (d) Baker, A. Z., and Wright, M. D.: A Survey of the Rat 
Bradycardia Method of Estimating Vitamin Bi, Biochem. J. 39:1370, 1939. 

8. Parade, G. W. : Vitamin B-Untersuchungen. Zur Frage des Zusammen- 
hanges zwischen Vitamin Bi-Mangel und Bradykardie, Ztschr. f. Vitaminforsch. 
■6:327, 1938; Vitamin Bi Mangel, Bradykardie und Temperatursturz, ibid. 7:35, 
1938. MacDonald, D. G. H. and McHenry, E. W. ; Studies on Rat Bradycardia, 
Am. J. Physiol. 128:608, 1940. 

9. Swank, R. L., and Bessey, O. A.: Avian Vitamin Bi Deficiency; Char- 
acteristic S 3 'mptoms and Their Pathogenesis, J. Nutrition 22:77, 1941. 

10. Swank, R. L. : Avian Thiamin Deficiency : A Correlation of the Pathology 
and Clinical Behavior, J. Exper. Med. 71:683, 1940. 
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described in another paper.® Most of the birds received a purified thiamine-free 
diet (diet II) containing 20 per cent casein (alcohol extracted), 65 per cent 
corn starch, 4 per cent cod liver oil, 5 per cent peanut oil, 4 per cent salt mixture 
and vitamin K concentrate. Acute deficiency and death was produced by this 
method in about two weeks. Chronic deficiencies of various degrees of severity 
were produced as described by the addition to the diet of variable but inadequate 
■daily doses of thiamine hydrochloride. Autoclaved yeast (the usual source of 
■other members of the vitamin B complex) %vas not included in this diet because 
it always contains an unknown and variable amount of thiamine and because 
with autoclaved yeast absent from the diet it was possible to attribute curative 
responses to the thiamine alone. Other control birds received this diet plus 15 
per cent autoclaved yeast (diet III) but will not be described separately, as their 
behavior was not significantly altered by this dietary improvement. No birds 
received diet II for longer than six weeks, for, as pointed out previously,® apparent 
normal nutrition is not supported by this diet for longer than eight to twelve 
weeks because of the absence of other factors, both known and unknown, which 
are nutritional essentials for pigeons. 

Conventional three lead electrocardiograms were made at regular intervals 
with a cardiette type of apparatus. The feathers were plucked from the bases 
of both wings and from the left leg. Electrode paste was rubbed into the skin 
and spring brass clamps fastened to the skin. Leading from these clamps were 
insulated copper wires 18 inches (46 cm.) long, with spring snaps at their free 
ends. These snaps could be connected to the leads of the electrocardiographic 
apparatus at any time without disturbing the pigeon to which the brass electrodes 
were connected. After the electrodes had been applied, the bird was secured in a 
pigeon holder (see description in another paper®) which was supported at an 
angle of about 55 degrees. Six pigeons at a time were made ready in this manner 
and allowed to rest for ten to fifteen minutes in the dark. The spring snaps attached 
to the copper wire leads were then clamped to the proper electrocardiographic 
leads and the records made quickly without disturbing the animals. In many 
other preliminary experiments the cardiac rate was counted directly by auscultating 
the breast with a small bell stethoscope. 

The hearts of many of the birds that were killed were studied histologically, 
and in many instances the cocarboxylase (thiamine pyrophosphate) activity of the 
cardiac musculature was determined. In other birds the electrical activity of the 
cardiac musculature was studied after an intravenous injection of thiamine hydro- 
chloride or cocarboxylase. 

OBSERVATIONS 

Clinical and Pathologic . — In preliminary experiments the cardiac 
rates of many normal pigeons and of 80 or more birds made acutely 
or chronically deficient according to the tube feeding method just out- 
lined were determined directly twice each week. Few of the animals 
lost more than 10 per cent of their original weight, and many gained 
weight during the experiments. Normally, the cardiac rate varied 
"between 150 to 250 contractions per minute, which agrees essentially 
with data compiled by Buchanan.^^ Significant slowing of the rate' was 

11. Buchanan, F.: The Frequency of the Heart Beat and the Form of the 
Electrocardiogram in Birds, J. Physiol. 38:lxii, 1909. 



766 


ARCHIVES OF INTERNAL MEDICINE 


not noted consistently either in the acutely or in the chronically thiamine- 
deficient animals that were fed by tube. However, marked decreases in 
the cardiac rate were observed in control fasting animals that were 
allowed to lose 25 to 35 per cent of their weight in twenty to thirty 
daj^s while consuming small rations of mixed grain plus 50 micrograms 
of thiamine hydrochloride daily. In these pigeons cardiac rates of 75 
to 100 per minute were frequent, and in several instances rates between 
50 and 75 were noted. In most fasting animals the cardiac rhythm 
was irregular. 

The hearts of the fasting and of the acutely deficient pigeons were 
histologically normal. However, many hearts from chronically deficient 
pigeons with evidences of cardiac failure revealed unquestionable degen- 
eration. The earlier changes consisted of a loss of cross striations and 
development of a wavy fibrous appearance and pale staining reactions 
of the muscle fibers; the later ones consisted of necrosis of -muscle fibers 
with polymorphonuclear cell infiltration. 

Electrocardiographic Studies. — ^Twenty-three birds were used for 
these experiments. All except the normal controls, which consumed 
mixed grain, were fed by tube. This expedient prevented a greater than 
8 per cent loss of weight in all but 2 birds and produced a slight gain in 
weight in 4 pigeons. Six pigeons were fed 20 Gm. of diet daily until 
they vomited and then 15 Gm. and no thiamine; they became deficient 
acutely and had opisthotonos. The remaining pigeons were given 20 
Gm. of diet until they vomited, on about the eighth day. The daily diet 
was then reduced to 15 Gm. and was supplemented by 15 micrograms 
of thiamine hydrochloride daily. On the fourteenth experimental day 
the thiamine hydrochloride intake of 5 pigeons was further reduced to 
10 micrograms daily, and six days later the remaining 12 birds were 
treated similarly. These pigeons were thus depleted of thiamine slowly, 
and the symptoms charactertistic of chronic deficiency developed, as 
described previously 

Control electrocardiographic records were made on each pigeon on 
the first and the third or on the second and the fourth day of an 
experiment. Subsequent single studies were repeated when the birds 
vomited (on about the eighth day), and daily studies were made on 
the acutely deficient birds before, during and after opisthotonos devel- 
oped and on the chronically deficient pigeons after the thiamine hydro- 
chloride intake was reduced to 10 micrograms daily. Other special 
studies were made and will be described. 

General Appearance of the Normal and of the Control Electro- 
cardiograms ; The general appearance of both types of electrocardiogram 


12. Swank and Bessey.® Swank.^® 
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was uniform (fig. 1 A, B and C). The P waves in all leads were upright 
and about 2 mm. high. The P-QRS interval averaged eight hundredths 
of a second in duration (four hundredths of a second or less when the 
rate was fast and as long as twelve hundredths of a second when the 
rate was slow). It was followed by the QRS complex, the first and 
main deflection of which was directed downward in all leads, for a 
distance of 1 to 3 mm. in the first, and 8 to 12 mm. in the second and 
the ‘third, lead. This complex lasted two to three hundredths of a 
second and became continuous with the upright T wave, which was 
barely discernible in lead I and prominent in leads II and III. In normal 
resting birds the ventricular rate varied from 150 to 250 per minute. 

Types of Abnormal Electrocardiograms and Their Occurrence; 
During the period of vomiting between the seventh and the ninth day 
of the experiment, a slight, and in many instances definite, slowing of 
the heart rate occurred. In a few instances this was attended by variable 
heart block (fig. 1 D,E and F), during which the P-QRS interval (when 
the QRS wave was present) was long and variable (ten to sixteen 
hundredths of a second). 

With the development of symptoms of thiamine deficiency the elec-- 
trocardiograms of 2 of the 6 acutely deficient pigeons with opisthotonos 
and of all but 1 of the chronically deficient pigeons with or without 
weakness of the legs exhibited significant alterations, usually in the 
T waves of leads II and III and occasionally in the QRS complexes 
of leads I and II. In others, a combination of these changes occurred. 

In figure 1 G, H and I the most commonly observed type of electro- 
cardiographic change is illustrated. There is no significant change in 
lead I (figure 1 G). In lead II (figure 1 H) and lead III (figure 1 /), 
the T waves are inverted and the initial deflections of the QRS com- 
plexes are directed upward for 1 to 2 mm. Figure \ J, K and L 
illustrate a much less frequently observed type of change. The QRS 
complex in lead I is large and directed upward (inverted) and in lead 
II is biphasic with its main deflection upward. In lead III the QRS 
complex appears normal but for a small initial deflection which is 
upward. The P waves are prominent in leads I and II and small in 
lead III, and the T waves are unaffected. 

One electrocardiogram obtained on a severely deficient pigeon just 
before death recorded rapid and irregular ventricular deflections fol- 
lowed by ventricular asystole (figure 1 M, lead I). 

Ventricular Rate: During the first four experimental days the car- 
diac rate in birds at rest varied between 150 and 250 per minute, the 
same as was observed in other, normal birds. When vomiting first 
occurred, on the seventh to the ninth day, there was a definite tendency 
toward bradycardia (20 to 50 per cent reduction in cardiac rate) in 
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most pigeons, and in several instances varying degrees of heart block 
resulted (figure ID, E, F and O). In spite of continued vomiting" 
the cardiac rates of the 6 birds on the acute regimen increased several 
days later and reached a maximum, usually during opisthotonos, on 
about the fourteenth day. In the 2 birds with abnormal electrocardio- 
grams, however, the rates were much faster than in the others (330 
and 360, respectively). 

With 2 exceptions, tachycardia, frequently marked (cardiac rates 
of 390, 480, 480 and 480 per minute, respectively), appeared in chroni- 
cally deficient pigeons with abnormal electrocardiograms. The frequency 
of the heart beat increased gradually for several days before the electrical 
changes became manifest and perhaps became faster in animals with 
marked electrocardiographic changes, i.e., a cardiac rate of 480 per 
minute, than in those with mild changes, i.e., cardiac rates of 330 and 
360 per minute. 

When thiamine hydrochloride or thiamine pyrophosphate (20 to 50 
micrograms) was administered intramuscularly the cardiac rate was 
noted to slow gradually during one to three days to, or nearly to, normal, 
although the electrocardiogram returned to normal in one or two hours. 

Repair Experiments : Four pigeons with similar inversion of the T 
waves were given 10 micrograms of thiamine hydrochloride (2 
instances) and 12.5 micrograms of cocarboxylase (2 instances) intra- 
venously, and the electrical activity of their hearts was studied at 
intervals of fifteen, thirty, sixty, ninety and one hundred and twenty 
minutes after the injection. In figure 2 B, C, D and E are shown a 
series of such records (lead II) from a pigeon which received 12.5 
micrograms of cocarboxylase (figure 2 ^ is a control normal electro- 
cardiogram from this same bird). In one hour the inverted and 


Explanation of Figure 1 

(The tips of the QRS complexes in leads II and III have been reenforced 
with white ink; otherwise they would not be reproduced.) A, B and C, the normal 
conventional leads I, II and III from pigeon 337 (rate 180 per minute). D, E and 
F, leads I, II and III, showing bradycardia (rate 120 per minute). Note the 
variable heart block and the normal configuration of the waves. G, H and I, 
leads I, II and III, illustrating the electrocardiographic abnormality observed most 
frequently in thiamine-deficient pigeons. Note the changes in the T waves in 
leads II and III and the short initial deflection upward of the QRS complex 
(rate 240 per minute). J, K and L, leads I, II and III, showing a type of 
electrocardiographic abnormality observed less frequently in thiamine-deficient 
pigeons. Note QRS complexes in leads I and II. M, lead I, recording ventricular 
fibrillation alternating with ventricular asystole in a thiamine-deficient pigeon just 
before death. N, lead II, showing marked inversion of the T wave (rate 300 per 
minute). O, lead II, showing variable heart block (rate 150 per minute). 
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depressed T waves had returned to normal. In another instance (fig. 
1 iV) a slightly more inverted and depressed T wave was restored to 
normal in ninety minutes by an identical injection. In 2 other instances 
similar restoration to normal followed the injection of 10 micrograms of 



Fig. 2. — (The tips of the QKS complexes in leads II and III have been reen- 
forced with white ink; otherwise they would not be reproduced.) The rapid 
response of electrocardiographic abnormality (lead II) to the administration of 
cocarboxylase (or thiamine pyrophosphate) intravenously. A, a record made one 
day before the cocarboxylase was given; it is essentially normal (rate 210 per 
minute). B, the T waves are depressed (rate 300 per minute). C, a record made 
fifteen minutes after 12.5 micrograms of cocarboxylase was given intravenously- 
Records were also made thirty (D) and sixty (£) minutes after the administra- 
tion of cocarboxylase. 
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thiamine hydrochloride, and in a third the pigeon responded in like 
manner to 20 micrograms of thiamine hydrochloride. 

On several occasions small increases in the thiamine hydrochloride 
intake (1 to 2 micrograms) restored moderately abnormal T waves to 
normal, or contrarily, an identical decrease in the thiamine increased 
the degree of abnormality. On these occasions the daily food intake was 
20 Gm. and the thiamine hydrochloride intake approximately 16 micro- 
grams. The sensitivity of the balance of available and of required 
thiamine and its effect on the metabolism of the heart muscle are evident 
from these observations. 

Pathologic Studies: The hearts of 9 of these pigeons were studied 
histologically. Early changes consisting of loss of cross striations and 
development of wavy fibrous appearance and pale staining reactions 
of muscle fibers were encountered in, all but one heart, and in several 
of them small areas of necrosis with polymorphonuclear cell infiltration 
were also seen. Hydropericardium or other gross evidences of cardiac 
failure were found in but 4 pigeons, all chronic. Both necrosis of the 
myocardium with polymorphonuclear cell infiltration and evidences of 
cardiac failure occurred less frequently in this group of birds than in 
previous groups of more chronic pigeons (see section headed Comment) . 

The Concentration of Cocarboxylase : This factor, expressed as 
micrograms per gram of tissue, was determined in a number of normal 
and of thiamine-deficient pigeons. The hearts of normal pigeons con- 
tained 4.5 to 5.5 micrograms ; in 2 pigeons on a thiamine-deficient diet 
but with no electrocardiographic changes there were 1.9 and 2.2 micro- 
grams, respectively, and in 6 pigeons with abnormal electrocardiograms 
and no evidences of cardiac failure there was 1.5 to 1.7 micrograms of 
cocarboxylase per gram of heart muscle. The hearts from other more 
chronic pigeons with hydropericardium or other evidence of cardiac 
failure contained 1.2 to 1.4 micrograms of cocarboxylase per gram of 
tissue. 

COMMENT 

It seems clear that fulfilment of several experimental conditions 
leads -to the development of signs of cardiac failure in thiamine-deficient 
pigeons. The same is true of dogs.^ First, the daily food intake should 
be sufficient to prevent a significant loss of weight. Twenty grams of 
diet accomplished this ideally, and in many instances produced a slight 
gain in weight. In practice, however, 15 Gm. proved adequate and was 
frequently more expedient, since there was less tendency for the smaller 

13. In another study being prepared for publication the amount of thiamine 
(as cocarboxylase) was determined in the heart, brain, liver, breast muscle and 
other tissues from pigeons both on the acute and on the chronic regimen. The 
figures used in the present paper were borrowed from that study. 
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amount to be vomited. A further reduction of the food intake tended 
to prevent the development of cardiac failure, probably because this 
lowered the metabolic rate.^^ Second, the thiamine intake should be 
adjusted so that the deficiency develops slowly. An intake of 60 to 80 
per cent of the normal requirement (15 to 20 micrograms of thiamine 
hydrochloride for each 20 Gm. of diet^®) has proved most efficient in 
this respect, as it prevents opisthotonos, yet allows thiamine depletion 
in the heart (and other tissues) to continue. The addition of this much 
thiamine to the diet also prevents vomiting. Finally, the situation 
created by these two conditions must exist long enough for the signs 
•of cardiac failure, e. g., hydropericardium, to develop. This may take 
one to seven days. Our observations indicated also that activity favors 
the development of signs of cardiac failure. This was also noted in 
human beings by Keefer.’^'^ , 

Thiamine pyrophosphate (cocarboxylase), a coenzyme, is the form 
in which thiamine is used by the cell. This compound is an important 
link in the chemical mechanism hy means of which heart muscle and 
other cells obtain their energy. In pigeons receiving 20 Gm. of diet 
daily and no thiamine (acute regimen), the depletion of cocarboxylase 
from the myocardium during the first week is rapid. Thereafter, how- 
ever, depletion occurs more slowl)^ A comparison of the analytic data 
with the corresponding electrocardiograms indicates that abnormal 
■electrical potentials are not produced by a pigeon’s myocardium unless 
the cocarboxylase content falls below 2 micrograms per gram of heart 
tissue. This low figure is rarely reached in acutely deficient birds 
before opisthotonos develops and death ensues. However, if after the 
first week of experimentation the acute regimen is replaced by a chronic 
regimen (one partially free of thiamine), the length of the experiment 
can be extended. In this way a further reduction in the cocarboxylase 
content of the myocardium occurs, and its impairment, as indicated by 
changes in the electrocardiogram, results. This is followed by degen- 
eration of myocardial fibers. If the metabolic rate is normal and 
impaired function is present long enough, signs of cardiac failure will 
■develop. On the other hand, if animals have been starved, evidence 
of congestive cardiac failure will be absent, even though tachycardia 
is present, the electrocardiogram is abnormal and many myocardial 
fibers are degenerated. This seems to have occurred in the dogs of Porto 
and de Soldati.^® An abnormal electrocardiogram and tachycardia seem 

14. Unpublished studies rev.ealed that the total oxygen consumption of fasting 
pigeons or pigeons consuming a thiamine-free ration ad libitum frequently falls 
as much as 30 to 50 per cent. 

15. Twenty-five micrograms of thiamine hydrochloride is required for the 
■normal metabolism of 20 Gm. of diet II.® 

16. Porto, J., and de Soldati, L. : Alteraciones microscopicas del corazdn del 
perro en avitaminosis Bi, Rev. Soc. argent, de biol. 15:303, 1939. 
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to indicate accurately that the cocarboxylase content of the myocardium 
is low but are no assurance that evidences of cardiac failure are present. 

The abnormal electrocardiographic waves in our thiamine-deficient 
pigeons were similar to those observed in thiamine-deficient rats and 
■dogs ® and in human beings with infarcted myocardiums. In cases of 
thiamine deficiency these changes are probably due largely to functional 
impairment rather than histologic degeneration of muscle fibers, since 
they may be so quickly restored to normal by thiamine and so few 
fibers degenerate. Tachycardia developed in our tube-fed thiamine-defi- 
■cient pigeons, whereas according to other authors, bradycardia ^ devel- 
oped in pigeons fed various thiamine free diets ad libitum. The reason 
for this discrepancy appears to rest with the fact that our birds were 
well nourished and active, whereas those that feed voluntarily are almost 
always emaciated. This explanation is supported by the presence of 
marked’ bradycardia in our starved control pigeons, and the conclusion 
■of other investigators ® that bradycardia in thiamine-deficient rats may 
be due to concomitant starvation. 

Weiss, Haynes and Zoll found that the heart rate of thiamine- 
deficient rats with bradycardia and abnormal electrocardiograms rapidly 
increased to normal when thiamine was given; the electrocardiograms 
also returned to normal. This occurred even though the rats fasted 
both before and during this curative response, so that the response 
seemed to be specific for thiamine. McEachern noted similar increases 
in the contraction rates of hearts from thiamine-deficient rats in vitro 
when thiamine was added to the solution containing the heart.^^ These 
and other evidences show that under certain circumstances thiamine defi- 
ciency does reduce the heart rate. 

The appearance of tachycardia in our pigeons a day or so before 
the electrocardiograms had been altered, and at times even in the absence 
of such changes entirely, suggests the operation of additional factors. 
Possible mechanisms are suggested by the arteriolar dilatation noted 
in human veins by Weiss,^® and by the hyperemia and hemorrhages 
which appear in the brains of severely thiamine-deficient pigeons.^® 

17. These results were presented before the Neurological Society of Montreal, 
during the year 1940 to 1941. 

18. Weiss, S. ; Occidental Beriberi with Cardiovascular Manifestations, J. A. 
M. A. 115:832 (Sept. 7) 1940. 

19. Prickett, C. O. : The Effect of a Deficiency of Vitamin B upon the Central 
and Peripheral Nervous Systems of the Rat, Am. J. Physiol. 107:^59, 1934. 
Alexander, L. ; Pijoan, M. ; Myerson, A., and Keane, H. N.; Beriberi and Scurvy: 
An Exi>erimental Study, Tr. Am. Neurol. A. 64:135, 1938. Zimmerman, H. M.; 
The Pathology of the Nervous System in Vitamin Deficiencies, Yale J. Biol. & 
Med. 12:21, 1939. 
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Recent studies of the mechanisms whereby these hemorrhages are 
produced revealed that vascular dilatation preceded hemorrhage and 
was followed by a perivascular accumulation, first of fluid, then of red 
cells. Infiltrating hemorrhages developed later and in the more severely 
deficient pigeons only. In the acutely deficient pigeons with opisthotonos 
vascular dilatation and occasionally perivascular hemorrhages were seen 
only in the vestibular nucleus and other nuclei which were affected 
early by thiamine deficiency. The present study indicates that even such 
localized vascular changes were accompanied by a slight increase in 
the pulse rate, although no changes occurred in the electrocardiograms. 
In the more chronic animals, such as those in which marked tachycardia 
and marked electrocardiographic abnormalities developed, vasodilatation 
with few or no hemorrhages was to be found throughout the entire 
brain and in the liver, kidneys, lungs and other viscera. The effect of 
these multitudinous arteriovenous shunts on peripheral vascular resist- 
ance must have been great and is reflected in the tachycardia which was 
present in some of these birds. 

The fact that in all instances vascular lesions were secondary to 
histologic changes in the neurons leads to the belief that the tissue 
metabolic changes consequent to thiamine deficiency caused the dilata- 
tion of the blood vessels (and in certain cases led to extravasation from 
them of plasma and red cells). 

It seems likel}’’, therefore, that the manifestations of cardiac failure 
in thiamine deficiency are due to at least two factors. The first of these, 
vasodilatation, is due to the action of intermediate products of carbo- 
hydrate metabolism on the blood vessels. The extent of this change 
determines the peripheral vascular resistance and the speed of the 
heart rate. This may also account, in part if not entirely, for the 
hydropericardium, pulmonary edema and edema of the dependent parts 
of the bod}'’, since fluid readily extravasates through markedly dilated 
blood vessels. The second factor is the effect of thiamine deficiency on 
the myocardium directly. No doubt this has a tendency to impair 
the function of the heart and thus lower its reserve and eventually leads 
to cardiac standstill. The part that this factor plays in the production 
of edema is uncertain, although no doubt important. The two factors 
operating together produce a so-called “vicious cycle” and frequently 
result, rather suddenly, in what appears to be left ventricular failure, 

20. Swank, R. L., and Prados, M. : Avian Thiamine Deficiency: II. Pathologic 
Changes in the Brain and Cranial Nerves (Especially the Vestibular) and Their 
Relation to the Qinical Behavior, Arch. Neurol. & Ps 3 'chiat. 47:97 (Jan.) 1942. 
Prados, kl., and Swank, R. L. : Vascular and Interstitial Cell Changes in 
Thiamine-Deficient animals, ibid. 47:626 (April) 1942. 
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followed by death both in pigeons and in dogs ^ and possibly also in 
human beingsd® 

In contrast to well fed thiamine-deficient animals, those with a low 
caloric intake are less apt to accumulate intermediate products of carbo- 
hydrate metabolism in their tissues, since far less carbohydrate is 
metabolized. Hence, the first factor, vasodilatation, is nonoperative. 
In addition, the metabolic rate of the animal is reduced, and a less 
rapid blood flow suffices for its metabolic needs. The second factor, 
direct eftect of thiamine lack on the myocardium, is operative and in 
the absence of any opposing mechanism results in a marked slowing of 
the heart. This dual mechanism appears to explain why bradycardia 
has been observed by some investigators and tachycardia by others' 
in thiamine-deficient mammals. It is interesting that the thiamine- 
deficient dogs of Porto and de Soldati had tachycardia and abnormal 
electrocardiograms but no evidences of congestive cardiac failure. It is 
likely that vasodilatation was mild or moderate, rather than extreme, 
in these dogs, since starvation was so marked and fluid did not extrav- 
asate from the blood vessels. Recently de Soldati has summarized his 
woi'k on, and his interpretations of, thiamine deficiency both in human 
beings and in animals.^^ 

CONCLUSION 

1. A chronic deficiency of thiamine without starvation will produce 
signs of cardiac failure in pigeons. 

2. This is preceded and accompanied by tachycardia and electro- 
cardiographic abnormalities. 

3. Necrosis of myocardial fibers with inflammatory cell infiltration 
occurs frequently, although late, in thiamine-deficient pigeons. 

4. The electrocardiographic abnormalities and evidences of cardiac 
failure in thiamine-deficient pigeons are accompanied by marked decrease 
in the cocarboxylase content of the heart muscle. 

5. The electrocardiographic abnormalities and the evidence of cardiac 
failure, if not too severe, respond immediately to treatment either with 
thiamine hydrochloride or cocarboxylase. 

6. Starvation alone or during thiamine deficiency produces -brady- 
cardia and frequently variable heart block in pigeons. 

7. The methods and mechanism by which tachycardia and evidences 
of cardiac failure are produced in thiamine deficiency are presented 
and discussed. It is suggested that the tachycardia is due to vasodilata- 
tion, which is caused by the local accumulation of intermediate products 

21. de Soldati, L. : Los trastornos circulatorios de la avitaminosis Bi, Buenos 
Aires, El Ateneo, 1940. 
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of carbohydrate metabolism. This also facilitates transudation of fluid 
from blood A^essels to form hydropericardium and other evidences of 
cardiac failure. In addition, thiamine deficiency impairs the function 
of the heart, increases the tendency to extravascular fluid collections and 
results in terminal cardiac standstill. It seems probable that thiamine 
deficiency, in the absence of peripheral vasodilatation, causes brady- 
cardia, but unfortunately most experiments involving such deficiency 
have been complicated b}’- marked starvation, which also is known to 
cause bradycardia. 



SULFONAMIDE COMPOUNDS IN THERAPY OF 
BACTERIAL ENDOCARDITIS 


A COMPARISON OF THE IN VITRO INHIBITORY EFFECTS AND THE 

BACTERIOSTATIC ACTIVITY 

EDWARD S. ORGAIN, M.D. 

AND 

MARY A. POSTON, M.A. 

DURHAM, N. C. 

Since the introduction of sulfonamide compounds into clinical medi- 
cine new interest has been awakened in the chemotherapy of bacterial 
endocarditis. In recent years the clinical effectiveness of these com- 
pounds has been demonstrated ^ in a small yet hopeful number of 
patients suffering from this generally fatal disease. In a previous 
communication ^ considerable variability was noted in the inhibitory 
effects in vitro of sulfonamide compounds on the growth of certain 
organisms isolated from human beings with bacterial endocarditis. The 
preliminary subjecting of each organism to the reaction of the several 
drugs in vitro prior to the institution of therapy would seem to be 
a rational and important procedure, provided that in vitro inhibition 
can be correlated with clinical bacteriostatic activity. Opinion with 
regard to the degree of correlation of in vitro and in vivo (animal 
experiments) studies is divided.^ Long and Bliss ^ expressed the belief 

From the Departments of Medicine and Bacteriology, Duke University School 
of Medicine and Duke Hospital. 

1. Lichtman, S. S., and Bierman, W.: The Treatment of Subacute Bacterial 
Endocarditis: Present Status, J. A. M. A. 116:286-289 (Jan. 25) 1941. 

2. Poston, M. A., and Orgain, E. S. : A Comparison of the Effects of the 
Sulfonamide Drugs upon the Growth of Twenty-Five Organisms Isolated from 
Twenty-One Patients Suffering from Bacterial Endocarditis, to be published. 

3. (a) Whitby, L. : Chemotherapy of Bacterial Infections, Lancet 2:1095-1102, 

1938. (b) Hoare, E. D. : Bactericidal Changes Induced in Human Blood and 

Serum by Sulphamido-Chrysoidine and Sulphanilamide, ibid. 1:655-659, 1938. 
(c) MacLean, I. H. ; Rogers, K. B., and Fleming, A. : M. & B. 693 and Pneumo- 
cocci, ibid. 1:562-568, 1939. (d) Schmidt, L. H. ; Hilles, C. ; Dettwiler, H. A., and 
Starks, E.: The Response of Different Types and Strains of Pneumococcus to 
Sulfapyridine, J. Infect. Dis. 67:232-242, 1940. (e) Libby, R. L., and Joyner, 

A. L.: The Action of Sulfathiazole on the Colon-Typhoid-Dysenteriae Group of 
Organisms, ibid. 67:67-69, 1940. 

4. Long, P. H., and Bliss, E. A. : The Clinical and Experimental Use of 
Sulfanilamide, Sulfapyridine and Allied Compounds, New York, The Macmillan 
Company, 1939, pp. 96 and 110. 
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that there is an appreciable degree of correlation but that parallelism 
ceases when relative susceptibilities of different organisms in cultures and 
their reactions in the animal body are compared. The only available study 
on bacterial endocarditis in human beings is that of Swain/ who demon- 
strated a definite correlation in 4 cases of endocarditis caused by Strepto- 
coccus viridans. It is the purpose of this paper to show the existence of 
a broad correlation between in vitro inhibition and clinical bacteriostatic 
activity and to emphasize the importance of preliminary in vitro experi- 
ments before drug therapy is begun. 

MATERIAL AND METHOD 

During the past thiee years 17 patients admitted to Duke Hospital with classic 
bacterial endocarditis have been given chemotherapy. The agents employed 
included one or more of the iollowing seven compounds: sulfanilamide, sulfa- 
pyridine (2- [paraaminobenzenesulfonamido] -pyridine), sodium sulfapyridine, 
N ^-sulfanilylsulfanilamide, sodium N ^-sulfanilylsulfanilamide, sulfathiazole 
(2-[paraaminobenzenesulfonamido]-thiazole) and sulfamethylthiazole (2-[para- 
aminobenzenesulfonamidol-methjdthiazole). From the blood of these patients the 
following organisms have been isolated: eleven strains of Str. viridans, two strains 
of Streptococcus haemolyticus, one strain of anaerobic Streptococcus (nonhemo- 
lytic), three strains of Streptococcus faecalis, one strain of Neisseria gonorrhoeae, 
one strain of Haemophilus parainfluenzae (hemolytic) and one strain of Brucella 
suis. In 3 instances two species of organisms were isolated from a single patient. 
Prior to the institution of chemotherapy, we determined the inhibitory effects of 
sulfanilamide and those of its derivatives then available on the growth of the 
organism isolated from the patient.® Generally, the drug showing the greatest 
bacteriostatic effect was used for treatment, and for ‘6 patients two or more drugs 
were tried in rotation for periods of not less than one week each. 

Three to seven blood cultures positive for the causative organism were obtained 
on each patient prior to therapy, and two to three blood cultures ■■ were made weekly 
throughout the remainder of their stay in the hospital. 

5. Swain, R. H. A. : Strain Variations in the Resistance of Streptococcus 
Viridans to Sulphonamide Compounds, Brit. M. J. 1:722-725, 1940. 

6. The technic of these in vitro experiments has been reported in a previous 
paper, in which the inhibitory effects of six of the drugs most frequently used 
clinically were tested. For compounds administered orally in vitro inhibition was 
determined for twenty-four hour intervals, while for those given intravenously 
intervals of one, two, three, four and twenty-four hours were employed. 

7. Since the suggestion of Strauss, Lowell and Finland (J. Clin. Investigation 
20:189, 1941) with regard to the addition of paraaminobenzoic acid to a laboratory 
medium, we have used it in 4 cases in addition to our previous paraaminobenzoic 
acid-free medium as a control to test the validity of blood cultures negative for 
the organism under consideration. The results were identical in both mediums, 
i. e., in 3 patients blood cultures made on both mediums during therap}' became 
negative simultaneously, and in 1 patient cultures on both mediums remained equallj 
positive. When explants of blood containing a sulfonamide compound are made, 
the concentration of that compound is reduced considerabh" by dilution in routine 
blood cultures. 



Comparison of ihc In Vitro Effects and the Clinical Bacteriostatic Activity of Sulfanilamide and Six Derivatives Administered Orally 


HHHujMM M 

h 


d ^ o oot-ovao 1-4 ^ 

o ^ ^ c<J ira iH th cot-< 


5 d oo 


O n ^ 


1 -f CO o o oo 

C3 iH rH 


1 rHi-f 

I -is vv 


CO Old 03 ooooiaoia co c-» o 

Cq 03rH03 COiH r^CO 


urs W 
•3 ® O ? 
i3<® o ii I 

Eh s” a 

;?‘oo 


to 13 iH 

eo 


-a Si e5 
ffl 5's-^S 


Mooi5 

Sm®Q 


cU 

2o 


SmsfiS'So 

3 g.H 

fl PO S 


ta ooco la ooc>30oc3 C3 oo o idco 
o Oi-5 o coo3iaeoc4ia i> la o e3co 


•• *tn ^ P 

c £ o 

* « B ® ^ 

S'P'aooJ o 
H»§;>.g] .O 

2te^d3 3g 
SSSsS l;S 

C y M 

M I S 


o 

,U 

(iDO OO 

|s «« 

bo 

s 






M* 








cq 

oq 

05 



cq 

05 05 

05 

05 05 05 05 05 05 

05 

05 

05 



0 



0 

00 

0 

00 

00 

0 

0 




tH 



tH 

CO 1-4 

CO 

MCO 

MCO 

M 

M 







0 


i 

-22 

<D © 

2 

2 


0 

0 

3 

'•i* 


3 

33 

3 

la ©3 

© © 

2 

2 

la 


cq 

a 

0 

0 

a 

aa 

a 

t- 0 . nw 3. n. 

3, 

a 

i4 



E 

1—1 

tH 

S 

EE 

E 

BB 

EE 

S 

E 




0 



0 

0 0 

0 

0 0 

0 0 

0 

0 




0 



V 

0 V 

V 

0 a 

V V 

© 

© 




c 



c 

c d 

c 

a a 

c c 

s 

s 




H 



M 

Mm 

M 

MM 

MM 

M 

M 



® - 25 s ® 22 

1 ^s“g 2 ‘?s 

-a -grta-d S K.® 

2=S^? d !5= 

a alel =§ g| 

2 '?2-23 2 I 2 
a a"o“ 2 ■§"> 

W M «J M 


^2o-!.2® 

— B2.^E2 
giS H'S2 S 

«2*c ^w*5^ 

'52 c s2 c 

“32W22 


© 

2 

© 

a 

0 

© 

© 

2 

2 

3 

0 

0 

3 

V 

t5 

N 

N 

>» 

a 

>> 

^ m Cl 

2 

2 

, © d 
.* ^3*= 


21 ^321 
Z wis 


3^ ^3 

wJ2 OT 


'O T3 ST3 ^03 

S?S?S 
d>c ,5 aoiB 
d rt2 d rt2 
t3S3'3t3S3'a 

a 3 o a a o 
cauitatamoi 


>laS2 

p^s 

d *2 ^ rf 

3«S SiS 

'?2l2 

S. “33 
K tnm 


« w 
C d 3 

a <D o 

J2 o w 

c -B o S 


g fciii o ra 2 

bo B'g2 2 3 

o 0*0. C4 is 

U o Q) ® o p 
WJciiJ d 

Sh<! w m 


m W M 
^ C C 
■p d c3 
0 2 2 

o 3 3 
•2 3 3 

W W TO 


779 


♦ Blood stream temporarily sterilized. 
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ORGAIN-POSTON— BACTERIAL ENDOCARDITIS 

Sodium sulfapyridine was administered intravenously at first and later orally 
to 9 patients. Sulfapyridine in 25 per cent dextrose solution was given to 1 patient. 
All other drugs were administered oralb'^ in the maximum tolerated dose in the 
majority of instances. Intravenous administration was carried out in three ways, 
namely, continuous intravenous drip (1 patient), large single daily doses 
(8 patients) and smaller doses given regularly at four hour intervals for forty- 
eight to seventy-two hours (2 patients). After large single doses of sodium 
sulfapyridine the concentration of the compound in the blood was determined 
immediately at the end of the injection, four hours later and at various intervals 
thereafter up to twenty-four hours in most instances. During continuous drip 
therapy or after repeated four hour doses of the drug, its concentration in the blood 
was determined fairly regularly at four hour intervals. During oral chemotherapy 
blood levels were determined daily in many instances and at least two to three 
times weekly in the remainder. The figures in tables 1 and 2 represent average 
daily colony counts of blood cultures and blood levels of the drug administered. 

Table 3. — Summary of Results of Experiments on In Vitro Inhibition and In Vivo 
Bacteriostatic Activity of Sulfanilamide and Six Derivatives 
Administered Orally and Intravenously 


Method of Adminis 
tration of Drug 
\ 


Group 

I 

In vivo concentration of drug equal to in vitro inhibitory 
level— Bacterioslasis present 

Oral 

6 

> 

Intravenous 

5 

II 

In vivo concentration of drug below in vitro inhibitory 
level— Bacterioslasis absent 

IS 

4 


III 

In vivo concentration of drug below in vitro inhibitory 
level— Bacleriostasis present 

3 

2 



Total 

22 

11 



In the entire group of 17 patients, from whom 20 organisms were obtained, 
a sulfonamide compound was administered a total of twenty-eight times, giving 
33 clinical experiments for purposes of correlation. 


RESULTS AND COMMENT 

The data showing the correlation bf in vitro and in vivo inhibitory 
action in each of the 33 clinical experiments are presented in tables 1 
and 2. The division of patients on the basis of oral or intravenous 
administration of the drugs is arbitrarily used for purposes of comparing 
the two methods. The figures for in vitro inhibition represent concen- 
trations at which complete inhibition of growth of the organisms was 
produced ; partial inhibition was disregarded for purposes of correlation. 
In vivo inhibition was considered only when there was significant bac- 
teriostasis, i. e., marked diminution of the colony counts of blood cultures, 
or when sterilization of the blood was effected. 

The correlation experiments are divided into three groups for 
purposes of clarity, and the results are summarized in table 3. In group 
I are recorded those instances in which marked inhibition of the growth 
of organisms or actual sterilization of the blood stream was produced 



782 


ARCHIVES OF INTERNAL MEDICINE 


when the blood concentration of the drug equaled or surpassed the in 
vitro inhibitory level. Group II comprises those experiments in which 
significant bacteriostasis was absent when the blood concentration failed 
to reach the in vitro level. Group III is composed of those instances in 
which marked inhibition of the activity of organisms in the blood stream 
was effected by a lower blood concentration of the drug than the in vitro 
inhibitory level. When the in vivo level reached and maintained the 
in vitro level, no discordant failures were encountered. 

In the group of patients given the drugs orally the effects of seven 
compounds on twelve strains of organisms from 10 patients have been 
observed in 22 clinical experiments. In 19 instances (groups I and II) 
the clinical result was in accord with the result of the in vitro experiment. 
In 5 of these when the blood concentration reached or surpassed the 
in vitro inhibitory level sterilization resulted, and in 1 instance there 
was marked inhibition (group I). It is to be noted that some of the 
strains (in patients 1, 2, 3 and 7) were sensitive at low in vitro inhibitory 
levels, which were within the range easily obtainable by oral administra- 
tion of the drugs. In the remaining 13 experiments (group II) the blood 
concentration of the drugs never attained the in vitro levels, and neither 
significant inhibition nor sterilization was obtained. Here, the in vitro 
inhibitory levels were generally high and above easily attained clinical 
levels, indicating resistance of the organisms to the action of drugs used 
in chemotherapy (patients 3, 5, 6, 8 and 9). Group III comprises 3 
instances in which the concentration of the drug in the blood failed to 
reach the test tube inhibitory level. In 2 of these marked inhibition 
was effected, and in 1 sterilization resulted. In spite of relatively high 
in vitro levels (patients 6 and 10) bacteriostasis was obtained at lower 
in vivo levels. These apparently discordant results may indicate that 
the in vitro levels were unnecessarily high and are explainable on the 
basis of the heavy inoculum used in in vitro experiments in contrast 
to the small number of organisms circulating in the blood stream. 

The group of patients given the drugs intravenously comprises 11 
clinical studies of the effects of two drugs on eleven organisms in 10 
patients. In 9 instances the in vivo result was consonant with the in vitro 
experiment. In 5 instances (group I) sterilization resulted when the in 
vitro level was reached in the blood stream. In 3 instances (patients 11 
and 12 [2 strains] ) the time required for test tube inhibition was short 
(three hours) at levels attainable (20, 15 and 5 mg. per hundred cubic 
centimeters), while in the other 2 (patients 13 and 14) the time interval 
was long (twenty-four hours), but the concentration (10 and 15 mg. 
per hundred cubic centimeters) was maintained intravenously, and 
sterilization was accomplished. In the 4 instances comprising group II 
(patients 10, 8, 9 and 15) neither inhibition nor sterilization was obtained 
when the in vitro level was either not reached or not maintained for the 
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required interval of time. The concentrations required here were rela- 
tively high (60j 30, 15 and 13.5 mg. per hundred cubic centimeters) 
and the intervals long (twenty-four hours). Sterilization resulted in 
both instances (patients 16 and 17) in group III, when the required 
blood concentration was reached but not maintained for the time interval 
necessary for inhibition. 

From an analysis of the data of these experiments we conclude, 
that a suggestive correlation exists between the results of the in vitro 
inhibitory experiments and the in vivo bacteriostatic action of the com- 
pounds used. That the correlation should be inexact is to be expected, 
because of the great differences between the conditions existing in the 
test tube and those factors in the heart valve and in the blood stream 
responsible for the growth of organisms in patients with bacterial endo- 
carditis. In test tube experiments a relatively heavy inoculum was used, 
while in cases of bacterial endocarditis there is a growing focus of infec- 
tion within the heart valve, which sheds fairly constantly a small number 
of bacteria into the circulating blood. It should be noted that in most 
instances when the in vitro inhibitory level was low or the time required 
for inhibition was short, the concentration of the drug in the blood 
reached and maintained this level. In the majority of instances, how- 
ever, the test tube level was higher than that which could be attained 
easily in the patient’s blood. It is to be remembered that the test tube 
levels reported here represent only complete inhibition of the growth of 
organisms produced by the drug acting in a definite interval of time. 
These levels, since partial in vitro inhibition was disregarded, may well 
be too high and unnecessary in the blood, or the length of time required 
for drug action may be too long. 

It seems from the discordant results that although sterilization or 
inhibition of growth may result in a lower concentration of the drug 
in the body than in the test tube, the converse is not true. The fact that 
no failures of sterilization resulted when the in vitro level of a drug 
was equaled by its in vivo level for the required length of time suggests 
that preliminary in vitro testing of compounds may indicate a helpful 
therapeutic blood level to be obtained in the patient during therapy. 
The data are insufficient but suggest that the most effective drug can 
be selected by in vitro experiments. This extremely important and 
practical point is difficult to settle by experimentation on human subjects, 
since the drugs must be given in simple rotation and “resistance, or 
fastness, of the organism frequently develops to several drugs of the 
sulfanilamide series after one of them has been therapeutically admin- 
istered.® Animal experimentation may yield misleading results unless 

8. Poston, M. A., and Orgain, E. S.; Unpublished data. Lowell, F. C.; 
Strauss, E., and Finland, M. : Observations on the Susceptibility of Pneumococci 
to Sulfapyridine, Sulfathiazole, and Sulfamethylthiazole, Ann Int Med 14 - 1001 
1023, 1940. 
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concentration of the drug in the blood is known and controlled and is 
frequently impossible, since many organisms pathogenic for human beings 
are relatively nonpathogenic for animals. 

Factors to be considered in comparing results of in vitro and of in 
vivo studies are the use of freshly isolated strains of organisms rather 
than artificially cultured laboratory strains; the size of inoculum for 
in vitro experiments; suitable nutrient medium free of neopeptone 
(Difco) ; careful checking of the concentrations of drug in the medium 
used ; standard temperature of incubation ; degree of inhibition, whether 
partial or complete; the pharmacologic properties of the drug used (solu- 
bility, absorption, excretion, acetylation), and the concentration of the 
drug in the animal body. It appears likely, as mentioned by Libby and 
Joyner,®® that when all factors are considered, the in vitro and the in vivo 
effects of sulfonamide compounds can be definitely correlated. 

SUMMARY 

The in vitro inhibitory effects of seven sulfonamide compounds on 
twenty organisms isolated from 17 patients suffering from bacterial 
endocarditis have been correlated with the clinical bacteriostatic activity 
of these drugs in a series of 33 clinical (in vivo) experiments. 

A certain degree of correlation was found to exist between the in 
vitro inhibitory effects of these drugs and their clinical bacteriostatic 
activity. 

The importance of preliminary in vitro experiments to determine 
the most effectiA'^e drug and its possible clinical level of inhibitory action 
is emphasized. 

Dr. David T. Smith contributed suggestions during the preparation of this 
paper. The sulfonamide compounds were supplied for experimental purposes bj' 
the Calco Division, American Cyanamid Company, Bound Brook, N. J. ; the Winthrop 
Chemical Compan}', New York, and the Alba Pharmaceutical Company, New York. 

Duke Hospital. 
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A REVIEW OF SIXTY CASES, WITH A REPORT ON THE THERAPEUTIC 
USE OF SULFONAMIDE COMPOUNDS 

HERMAN GOLD, M.D. 

CHESTER, PA. 

Since March 1933 I have had the opportunity of making a diagnosis 
and instituting treatment in 60 cases of external anthrax. In 51 cases 
the patients were employees of a local mill engaged in the manufacture 
of inner lining. Its basic raw material is goat hair imported from 
China apd India under existing regulations. In 4 cases the patients were 
children. Three of them (cases 3, 6 and 59) lived in the village in 
close proximity to the mill. They probably contracted anthrax while 
playing on ground contaminated with particles of hair, although their 
parents’ hands or clothes (the parents worked in the mill) may possibly 
have been the source of infection. The fourth child (case 28), a girl 
of 12, contracted the disease after washing her father’s work shirt. In 
case 40 the patient lived in the village and was the wife of a carder. She 
did not wash her husband’s work clothes which were never brought to 
the house; hence the anthrax on her face was most probably due to 
contact with her husband’s hands. A less likely source of infection in 
this case was possibly contaminated house dust. In another case (27) 
the patient was a Negro truck driver for a shipping concern that hauled 
and stored bales of hair for the local mill. Since this man had not come 
in direct contact with hair for over two months, the “pustule” on his 
neck must have been the result of infection contracted from contamina- 
tion of his hands or clothes with hair dust left on the truck, in the 
warehouse or on the broom which the patient used for sweeping. In 
the 3 remaining cases (4, 34 and 41) the patients were employees of a 
Philadelphia plant that obtained its hair bobbins from the local mill. 
Two of them were weavers, while the third was a shipping clerk. A 
fourth case of anthrax also occurred in this plant, but the patient did 
not come under my care. 

Forty-one patients were males, and 19 were females. Their ages 
ranged from 3^4 to 62 years, but most of them were between 18 and 27. 
All but 1 were white. The yearly distribution of cases is shown in 
table 1. Forty-five per cent of them occurred in 1940 and 1941, indi- 
cating a sharp increase over the preceding years. This has undoubtedly 
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been due to the war and the resulting relaxation in the enforcement of 
control measures at the port of exit, as predicted by Smyth.’- My cases 
occurred a few at the time, in rapid succession, indicating that the disease 
was caused by different shipments of hair, some of which were con- 
taminated with spores of anthrax bacilli. Actually bacilli were recovered 
repeatedly from the center of various bales of hair, as well as from the 
dust left over in the combing process. This also explains the high inci- 

Table 1. — Yearly Distribution of Cases of Anthrax 



Number of 

Number of 

Tear 

Cases 

Deaths 

1933 

6 

1 

1934 

2 

0 

1935 

3 

0 

1936 

2 

0 


1937 4 0 


1939 

6 

0 

1940 

12 

0 

1941 


0 

1942* 

8 

0 

Total 

Percentage 


1 

1. 


* First sis months of the year. 


Table 2. — Incidence of Anthrax in the Various Departments of the Local Mill 


Number of 


Department Cases 

Warehouse 4 

Combing 23 

Drawing 5 

Spinning 16 

Mending 2 

Finishing 1 

Total 51 


dence of infection among the workers in the combing department, to 
which the disease was practically confined from 1933 to 1936. There- 
after, it appeared throughout the mill. The distribution of anthrax 
through the various departments is shown in table 2. 

A definite history of trauma to the skin was elicited in many cases, 
but in a few the injur}% if present at all, was so slight as to escape 
attention. It was also noted that -while many an insignificant scratch 

1. Smyth, H. F. : A Twenty Year Survey of Anthrax in the United States, 
Symposium on Anthrax, Commonwealth of Pennsylvania, Department of Health, 
April 1, 1941. 





GOLD— ANTHRAX 


787 


sustained on carding machines was followed by anthrax, several workers 
who suffered severe multiple lacerations and puncture wounds on the 
same machines did not contract the disease. This happy escape may be 
attributed to the vagaries of chance rather than to variations in individual 
susceptibility to anthrax. 

Prompt medical attention to the wound (application of alcohol and 
tincture of iodine) did not prevent anthrax, and cauterization with 
phenol, which may have prolonged the incubation period in 2 cases, was 
soon discontinued because of the hazards involved in the careless applica- 
tion of this agent. The incubation period varied from twelve hours to 
five days. In most patients two to three days elapsed before the appear- 
ance of a papule. The diagnosis was made clinically and was confirmed 
in all cases but the last by smear and culture of material from the lesion 
made by Dr. George Sickel, of the Chester Hospital. 

Virulence tests on some of the cultures isolated in these cases were 
performed at the Mulford Biological Laboratories, Sharp and Dohme, 
Glenolden, Pa., as follows : A culture of anthrax bacilli was isolated on 
May 17, 1936 (case 13, anthrax of elbow) before the administration of 
200 cc. of antianthrax serum. A subculture grown on an agar slant 
was washed off with physiologic solution of sodium chloride, and by 
plate counts the stock solution was shown to contain 4,672,000 organ- 
isms per cubic centimeter. Virulence tests were made with a 0.5 cc. 
dose, administered subcutaneously as follows : 


Guinea 


Days of Observation* 


Pig No. 

Material 

1 

2 

3 

4 5 


1 

Stock solution 

L 

L 

D 



2 

Stock solution 

L 

L 

D 


+ 

1 

1 : 10 dilution 

L 

L 

L 

D 

+ 

2 

1 : 10 dilution 

L 

L 

L 

D 

+ 

1 

1 ; 100 dilution 

L 

L 

L 

D 

+ 

2 

1:100 dilution 

L 

L 

L 

D 

+ 

Rabbit No. 




- 


1 

Stock solution 

L 

L 

D 


+ 

2 

Stock solution 

L 

L 

L 

D 

+ 

1 

1 : 10 dilution 

L 

D 



4- 

2 

1 : 10 dilution 

L 

L 

D 


+ 

1 

1 : 100 dilution 

L 

L 

D 


+ 

2 

1 : 100 dilution 

L 

L 

L 

L D 

+ 

.Sheep No. 






1 

1 : 100 dilution 

L 

L 

L 

D 

+ 

2 

1 ; 100 dilution 

L 

L 

L 

D 


3 

1 ; 100 dilution 

L 

L 

L 

L D 

+ 


*L signifies living and well; D, dead, and +, positive for anthrax bacilli. 
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On May 21 a second culture was isolated after 400 cc. of antianthrax 
serum had been administered. At that time, the temperature was 
normal, the edema was gone and the lesion was dry and black. This 
second culture killed guinea pigs, rabbits and sheep in the same degree 
as the first culture obtained before the administration of serum. A 
third culture made on May 25 was negative for anthrax bacilli. 

Virulence tests were also made on two cultures isolated in case 23 
(anthi'ax of the neck), in which the patient failed to respond to inten- 
sive sulfapyridine (2- [paraaminobenzenesulfonamido] -pyridine) ther- 
apy, and in case 24 (anthrax of the face), in which the patient was cured 
b}'^ sulfapyridine. The two cultures were suspended to 1,000,000,000 
organisms per cubic centimeter in physiologic solution of sodium chloride 
(stock solution). Tests were made with a 1 cc. dose, administered 
subcutaneously as follows : 


Guinea 



Days of Observation* 


Pig No. 

Material 

1 

2 

3 

4 

5 

6 7 




Case 23 







1 

Stock solution 

L 

D 





+ 

2 

Stock solution 

L 

L 

D 




+ 

1 

1:100 dilution 

L 

L 

D 




+ 

2 

1 : 100 dilution 

L 

L 

L 

D 



+ 

1 

1 : 1,000 dilution 

L 

L 

D 




+ 

2 

1 : 1,000 dilution 

L 

L 

L 

L 

L 

L L 


1 

1 : 10,000 dilution . 

L 

D 





— 

2 

1 : 10,000 dilution 

L 

L 

L 

L 

L 

L L 




Case 24 







1 

Stock solution 

L 

D 





+ 

2 

Stock solution 

L 

D 





+ 

1 

1 : 100 dilution 

L 

D 





4- 

2 

1 : 100 dilution 

L 

L 

D 




+ 

1 

1 : 1,000 dilution 

L 

D 





+ 

2 

1 : 1,000 dilution 

L 

L 

L 

D 



+ 

1 

1 : 10,000 dilution 

L 

L 

L 

D 



+ 

2 

1 : 10,000 dilution 

L 

L 

L 

L 

L 

L L 


*L signifies living and well; 

D, dead; -f-, positive for 

anthrax bacilli, and — , 


negative for anthrax bacilli. 

It is interesting to note that the culture obtained in case 24 was, if 
anything, a little more virulent than that obtained in case 23. Yet in 
the former case the patient was cured by sulfapyridine, even though 
treatment was started later than in case 23, in which the patient failed 
to respond to this drug. These tests show that highly virulent strains 
of anthrax bacilli were being dealt Avith. 
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The distribution of the lesions is shown in table 3. Twenty-five of 
them occurred on the face and neck — sites usually associated with the 
highest mortality rate. 

The appearance of the lesions varied, depending on the time they 
were first seen (figs. 1 through 8). Early the lesion looked like a flea 
bite or an ordinary pimple. In a few hours it enlarged, looked fleshy 
and was yellowish. Soon its top turned brown, and often it was sur- 
rounded by a narrow ring of erythema. On the second day a few fine 
glistening vesicles usually developed at the periphery of the papule. As 
the vesicles enlarged, the depressed center of the papule ulcerated and 
turned dark brown, which color it remained until the third or fourth 
da)’^, when it became black. The marginal vesicles, at first small and 
filled with a clear yellow gelatinous fluid rich in anthrax bacilli but poor 
in cellular content, enlarged in a day or two and then became bluish red 

Table 3. — Location of Anthrax "Pusfnie” 


Number of 


Site Oases 

Face 14 

Neck U 

Arm 5 

Norearm 10 

Hand 5 

Finger 13 

Leg 1 

Heel 1 

Total 60 


and discharged a serosanguineous fluid freely. On the fifth to the sixth 
day the central ulcer was covered by a tough black eschar, which grad- 
ually extended into the crusting peripheral vesicles. In many cases a 
wide area of erythema appeared around the papule on the second or the 
third day. Edema of the nonpitting variety developed early, twelve to 
twenty-four hours after the appearance of the papule, and soon spread 
well beyond its immediate vicinity. Thus, in case 23 (a “pustule” of 
the neck) the edema spread in ninety-six hours down to the level of the 
ciest of the ilium. Similarly, in case 15 (anthrax of the forearm) the 
edema extended in seventy-two hours over the entire extremity and 
the upper portion of the chest. In cases 22, 23, 37, 46, 53, 54, 55 and 60 
the anthrax edema was accompanied by or was actually preceded by 
tonguelike extensions of bright erythema of the skin. Under treatment 
the spread of the edema was checked first, and this was followed by its 
gradual disappearance (one to five days) ; then the papule became flat 
and dry, and finally the eschar separated at the edges and sloughed out 
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within seven to fourteen days, leaving a punched-out ulcer that usually 
healed in one to two weeks. The “pustule” was characteristically pain- 
less, but in a few cases there were pain and tenderness along the area 
of erythema. Local itching was an early and rather persistent complaint. 



Fig. 1 (case 32). — The lesion is two days old and looks like a flea bite. The 
top of the papule is eroded and brown. A small amount of edema is present. 
Treatment was with sulfapyridine and sulfathiazole. 



Fig. 2 (case 29). — The lesion shows characteristic central ulceration and a ring 
of vesicles. Notice that the angle of the jaw is obliterated by edema of the soft 
tissues overlying an enlarged lymph node. Treatment was with sulfapyridine. 


Regional adenopathy, sometimes heralded by pain, developed in the 
great majority of the cases one to three days after the papule had 
appeared. The nodes varied in size from that of a pea to that of a 
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large walnut and were invariably painful and tender. The pain sub- 
sided promptly under treatment, but the lymphoid enlargement, though 
decreasing in size slowly, persisted throughout the duration of the papule 
and often lasted from a few days to two to six weeks after the ulcer 
had healed (cases 4, 21, 24, 31, 32, 40 and 57). Localized edema of the 
soft tissues overlying the enlarged lymph nodes was a common occur- 
rence, and in cases 46, 53, 54 and 60 (anthrax of the hand, wrist, 
finger and forearm, respectively) there was bright erythema of the skin, 
in addition to swelling over the epitrochlear nodes. In cases 33 and 46 
the appearance of adenopathy was associated with a sharp rise in tem- 



Fig. 3 (case 26). — A, the lesion shows a dry black eschar covering the central 
ulcer. Edema of the soft tissues is present. Treatment was with sulfapyridine 
and serum. B, the appearance of the lesion two days later. Notice the tenseness 
of the vesicles which form a ring around the central eschar. Extension of the 
edema has occurred, with involvement of the infraorbital space. 


perature to 101 to 102 F., which subsided in twenty-four to forty-eight 
hours after therapy was intensified. 

In some cases the patients also complained of headache and malaise. 
Before treatment was given, the temperature was normal in'll cases, 
99 to 100 F. in 36 cases and 100.6 to 102 F. in the remaining 13 cases. 
After treatment the temperature subsided in twenty-four to seventy-two 
hours. 

Blood counts were done in 31 cases soon after the diagnosis of 
anthrax was made, and in all of them the red cell count and the hemo- 
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globin content were normal. The white cell count was below 8,500 in 
15 cases, below 9,500 in 5 cases and between 10,500 and 13,500 in 11 
cases, ^^'’hen present leukocytosis was of the neutrophilic variety. 
Blood cultures were negative for anthrax bacilli. Even in case 1 the 
blood culture made thirty-nine hours before death was negative for 
Bacillus anthracis, but at autopsy the organism was recovered from the 
heart, spleen, kidneys, etc. This is in agreement with Besredka’s funda- 
mental work, which proved that although an animal presents the typical 
picture of anthrax septicemia, the prime cause of death is cuti-infection 



Fig 4 (case IS). — A, appearance of the lesion on the day of admission to 
Chester Hospital. The lesion is three days old. Note the raised blisters and the 
extensive edema of the upper third of the forearm and the elbow. B, the appear- 
ance of the lesion four days later. The skin around the “pustule” has become 
ecchymotic and covered with man}' large blisters. The entire extremity is markedly 
swollen from the fingers to the upper portion of the chest below the clavicle. The 
skin has split at the elbow. There was no pain, but the arm felt heavy. Treatment 
was with serum, neoarsphenamine and immunotransfusions. 


and cuti-intoxication, since it is in the few minutes which precede the 
death agony phase that the eruption of the bacteria into the circulating 
blood takes place. Anthrax bacilli were recovered regularly during 
the various stages of the “pustule” and frequently after successful treat- 
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ment with antianthrax serum or with sulfapyridine. Thus, anthiax 
bacilli were recovered from the lesions in cases 2, 4, 8, 9 and 55 
twelve, seven, seven, six and thirty-one days, respectively, after the 
administration of 740 cc., 1,200 cc., 1,200 cc,, 1,000 cc. and 1,200 cc. of 
serum, respectively, and in cases 22 and 35 on the fourth and the 
seventh day, respectively, of sulfapyridine treatment, at a time when 
the edema had subsided, the “pustules” were involuting and the patients 
were well on the road to recovery. In case 13 anthrax bacilli recovered 
after the successful use of 400 cc. of serum showed on testing the same 
degree of virulence as the culture recovered before treatment was 
instituted. 

TREATMENT 

Antianthrax Serum . — This serum was administered to 18 patients 
(March 1933 to December 1938). Two additional patients received 



Fig. 5 (case 23). — A, appearance of the lesion when it was three days old. 
The anthrax papule is surrounded by a rectangular area of bluish erythema. Notice 
the marked edema of the soft tissues of the neck. B, the appearance of the lesion 
twenty-four hours later. Notice the extension of the black eschar, with vesiculation 
into the rectangular area of erythema. The edema is markedly increased in spite 
of medication with sulfapyridine and large doses of serum. 

serum after a trial of sulfapyridine (1939 and 1940), and a third patient 
was treated with serum (1942) after he failed to respond to intensive 
sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazole) therapy. Most 
patients received serum early, on the second or the third day after the 
appearance of the papule. In 2 cases treatment was not given until 
five to six days had elapsed. Altogether serum can be credited with 20 
recoveries and 1 death. In the first case- encountered (1933) the patient 
died, and I believe that this death was due partly to the timorous use 
intravenously of insufficient quantities of antianthrax serum and partly 
to the injection of serum locally around the “pustule.” as advocated by 
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Regan.2 The latter procedure facilitated, rather than hindered, the 
spread of bacilli along tissue spaces that had been mechanically dis- 
tended. My experience with the first 13 cases was reported in detail 
in two previous communications.® In general, I found antianthrax 
serum an effective and specific means of controlling anthrax edema and 
obtaining a cure. It was given in arpple quantity (200 to 2,200 cc.), 
and each patient required an optimum dose, which could be administered 
in single or multiple injections. The intravenous route was found to 
be the most satisfactory. The claim of specificity is based on the clinical 
observation that the control of edema was accomplished in many cases 
only after a sufficient amount of serum had been given and without 



Fig. 6 (case 14). — ^Anthrax of the forehead. The lesion is eight days old. The 
marginal vesicles have dried up and become part of the black eschar. The latter 
begins in the center of the “pustule" and spreads peripherally. Treatment was with 
antianthrax serum. 

exhibition of the usual signs of nonspecific reaction to a foreign protein, 
such as fever and chill.'* Excluding case 1, in which the patient died, 
I used a total of 17,490 cc. of antianthrax serum in treatment in 20 

2. Regan, J. C. : Treatment of Cutaneous Anthrax, New York State J. Med. 
23:113 (March) 1923. 

3. Gold, H. : Studies on Anthrax: Clinical Report of Ten Human Cases, 
J. Lab. & Clin. Med. 21:134 (Nov.) 1935; Cutaneous Antlirax, Pennsylvania 
M. J. 40:728 (June) 1937. 

4. The serum used was prepared at the Mulford Biological Laboratories. It is 
essentially an antibacterial serum of demonstrable protective value. “Normal horses 
are first immunized with subcutaneous injections of chemically killed anthrax 


(Footnote continued on next page) 
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cases. The smallest total dose was 200 cc., and the largest was 2,200 cc., 
with an average total dose for the group of 874.5 cc. The smallest 
single intravenous injection of serum was 200 cc., while the largest was 
1,000 cc. The smallest number of intravenous injections per case was one, 
while the largest was five. In most cases the optimum dose was 
administered in two to three injections. In the hope of maintaining the 
optimum concentration of serum I also gave large doses of serum intra- 
muscularly in 7 cases, but this procedure was found to be too painful, 
and in 1 case (15) it produced a sterile abscess. 

At first the period of serotherapy was prolonged in a vain attempt 
to cure the adenopathy, but I soon learned that control of the edema 



Fig. 7 (case 31). — ^Anthrax of the hand. Note the small red papule and the 
surrounding edema of the ulnar half of the hand. Treatment was with sulfapyridine. 

around the “pustule” was the most reliable yardstick to determine 
whether an optimum dose of serum had been given. When this dose 
was administered, the edema decreased rather promptly and disappeared 

bacilli and then hyperimmunized with increasing doses of highly virulent living 
organisms. After three months the serum from horses so treated agglutinates 
the anthrax strains used for immunization in a dilution of 1 ; 2,500 or better. The 
serum contains precipitins, as demonstrated by the standard 4 plus polysaccharide- 
precipitin reaction it gives in a 1 : 10 dilution. It also contains protective anti- 
bodies, which are of special interest inasmuch as potent antianthrax serum 
injected in 5 cc. doses into full-grown sheep will afford appreciable protection 
against a virulent infective dose of anthrax bacilli for at least thirty days’' 
(Sharp and Dohme: Personal communication to the author). 
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in eighteen to thirty-six hours. As collateral evidence of improvement 
I found that the temperature, pulse and white cell count returned to 
normal and that certain complaints, such as pain over the swollen lymph 
nodes and headache, also disappeared. 

Most patients tolerated the large intravenous injections of serum 
well, but in cases 12 and 13 urticaria and angioneurotic edema developed, 
and in case 15 the patient suffered from severe intestinal cramps, back- 
ache, vomiting and thready pulse during the first injection of serum. 
Thermal reactions occurred frequently. Serum sickness developed in all 



Fig. 8 (case 22). — A, normal right arm. B, anthrax of the left arm. The 
lesion was black and deeply ulcerated. Note the marked edema of the arm. 
Bright erj'thema of the skin over the swollen area was a conspicuous feature in 
this case. Treatment was with sulfapyridine. 

cases, and in some it was rather severe. This is not surprising in view 
of the large amounts of unrefined serum injected. In all cases except 
case 1 the patients made a complete recovery after a rather troublesome 
convalescence. The average period of hospitalization in cases in which 
treatment was with serum was fifteen and three-tenths days ; the average 
period of total disability was thirty-seven and five-tenths days (cases 23 
and 55, in which the patients were treated with serum after they had 
failed to respond to sulfonamide compounds, are excluded). 
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Neoarsphenaniine . — In addition to serum, intravenous injections of 
neoarsphenamine were given in 6 cases. A child of 10 (case 3) received 
0,45, 0.6 and 0.6 Gm. on three successive days; 1 patient (case 2) 
received 0.6, 0.9 and 0.9 Gm. on the first, the second and the fourth day 
of treatment; 1 patient (case 4) received three daily doses of 0.9 Gm. 
each; 2 patients (cases 5 and 15) received two daily doses of 0.9 Gm. 
each, and 1 patient (case 23) received a single injection of 0.9 Gm. A 
comparative analysis of the records in these cases and the ones obtained 
in cases in which treatment was solely with antianthrax serum revealed 
that neoarsphenamine had not shortened the course of the disease or 
materially added to the chances of recovery ; hence its routine use in addi- 
tion to serum was discontinued after case 5 (1933). Later on (1937 
and 1940) I again resorted to neoarsphenamine when the condition of 
2 patients (cases 15 and 23) with anthrax of the forearm and the neck, 
respectively, became critical notwithstanding the administration of large 
doses of antianthrax serum. However, the injection of neoarsphenamine 
in these 2 cases was a gesture of despair, and it cannot be credited with 
the patients’ recovery, since they were also given transfusions of blood 
from donors who had previously recovered from anthrax, as well as 
additional doses of serum. 

S'ldjonamide Compounds. — Sulfanilamide: In December 1938 I 
decided to try sulfanilamide therapy on a patient (case 19) with anthrax 
of the heel. I felt that the location of the lesion, the slight edema present 
and the absence of toxicity warranted the temporary withholding of 
serum. Large doses of sulfanilamide, 120 grains (7.8 Gm.) daily, were 
administered for three days, after which the daily dose was reduced to 
90 grains (5.8 Gm.). The period of treatment lasted nine days, at the 
end of which time the edema had subsided and the lesion appeared as 
a dry black ulcer covered by a tough eschar. As a whole the effect of 
the drug was not spectacular, and although the patient recovered, I was 
not convinced that the sulfanilamide was responsible for the favorable 
results. 

Sulfapyridine : Since October 1939 I have used sulfapyridine therapy 
in 24 cases of anthrax. In 18 of them this drug was used exclusively, 
with satisfactory results. In 4 cases I changed to sulfathiazole because 
of severe nausea and/or vomiting caused by the sulfapyridine. In all 
4 cases the patients recovered, but in 1 case the cure should be credited 
to sulfapyridine, since the patient had received this drug for four days 
and the anthrax edema was well under control before a change to sulfa- 
thiazole was ordered. In 2 other cases antianthrax serum was resorted 
to. In case 26 (anthrax of the forehead, fig. 3 A and B) sulfapyridine 
therapy was stopped because of spreading edema, vomiting and restless- 
ness after the patient had ingested 14 Gm. of the drug in forty-eight 
hours (the level of sulfapyridine in the blood was 13.5 mg. per hundred 
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cubic centimeters). She was then given three intravenous injections 
of serum, totaling 1,000 cc., with gratifying results (the patient was 
treated by Dr. Palmer de Furia). Although the cure in this case should 
be ascribed to serum, I believe in the light of subsequent experience that 
if chemotherapy had been continued for another twenty-four to forty- 
eight hours, it probably would have checked the edema. In the last case 
(23) a patient with anthrax of the neck failed to respond to sulfapyridine 
or its sodium salt. His condition became critical, but he recovered when 
treated with other means (details are given in the section headed 
“Immunotransfusion”) . 

Of the 19 patients that responded to sulfapyridine, 9 were males and 
10 were females. One was a Negro. All but 1 were adults, whose ages 
ranged from 18 to 50 years. The exception (case 28) was a girl of 12. 
The distribution of the lesions was as follows : the face, 4 ; the neck, 2 ; 
the arm, 3 ; the forearm, 1 ; the hand, 4, and the finger, 5. Thus, the 
lesion occurred on the face or neck in almost one third of the cases. 

The initial dose of sulfapyridine was 2 to 4 Gm., followed by a dose 
of 1 Gm. every four hours. In some cases the drug was given every 
three hours, and a few patients received as much as 1.5 Gm. every three 
to four hours. The doses were repeated if vomiting occurred within one 
hour after ingestion of the drug. This schedule was maintained until 
the edema around the anthrax “pustule” receded. This took about two 
to five days. Thereafter, the dose was decreased gradually over a period 
of two to five days. The shortest period of treatment in the 18 cases in 
which cure was obtained by sulfapyridine alone was two days (anthrax of 
the finger). The longest period was ten days (anthrax of the face), and 
the average for the group was six and one-tenth days. In 50 per cent 
of the cases chemotherapy was stopped on the fifth day. In 3 cases 
treatment was perhaps unnecessarily continued beyond a week because 
of adenopathy in 2 cases and a secondary pyogenic infection of the ulcer 
in the third case. The smallest total dose of sulfapyridine was 15 Gm. 
(anthrax of the finger), while the largest dose was 45.5 Gm. (anthrax 
of the forearm). The average total dose for the group was 29.9 Gm. 
In this small series of cases there was no correlation between the location 
of the lesion, the duration of treatment and the amount of sulfapyridine 
given. Thus, in case 20 a patient with anthrax of the face was given 
35.5 Gm. in ten days, while in case 41 a patient also with anthrax of 
the face was given 18.5 Gm. in five days. Likewise, in case 37, a patient 
with anthrax of the forearm received 45.5 Gm. in seven days, while in 
case 43 a patient with a “pustule” on the arm received 24 Gm. in five 
days. Since in all 4 cases treatment with sulfapyridine was started 
about two days after the appearance of the “pustule,” the differences 
noted cannot be attributed to variation in the interval between the 
appearance of the lesion and the institution of therapy. It must be 
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remembered, however, that these comparisons are at best only sugges- 
tive, since no exact and precise rules governed the administration of 
the drug. In each case the patient was treated individually, and control 
of the edema was the guiding yardstick in determining dosage. 

The interval between the appearance of the lesion and the time treat- 
ment was started was one day in 1 case, about two days in 8 cases, 
about three days in 4 cases, about four days in 2 cases, about five days in 
2 cases and seven days in 1 case. 

Slight to severe edema was present in all cases before chemotherapy 
was instituted. Actually, in 2 cases (21 and 35) treatment was withheld 
for twenty-four to thirty-six hours until edema appeared or became 
extensive. After the initial dose of sulfapyridine was given, the anthrax 
edema increased for about twelve to forty-eight hours ; it then remained 
about the same for another twelve to forty-eight hours, after which it 
receded rather slowly, taking forty-eight to ninety-six hours for its 
disappearance. 

Regional adenopathy occurred in all but 4 cases, and in some it 
developed a day or two after treatment was started. Usually the pain 
and tenderness over the nodes disappeared before the spread of the 
edema was checked. On the other hand, the adenopathy decreased- in 
degree at a much slower rate than the edema and usually persisted 
throughout the illness even after the eschar was removed and the ulcer 
was clean and granulating. In 2 cases (24 and 31) the regional lymph 
nodes were palpable for more than a week after the ulcer had healed 
completely. In many cases the regional adenopathy was accompanied by 
swelling of the overlying soft tissues, which tended to disappear at a 
slower rate than the edema contiguous with the anthrax “pustule.” 

In 3 cases the patients had normal temperatures throughout their 
illness; in 11 cases the temperature ranged from 99 to 100 F. and in 5 
cases from 101 to 102 F. before treatment was started. After administra- 
tion of sulfapyridine the temperature returned to normal within twenty- 
four to seventy-six hours in all cases but 1. In the exceptional case (37) 
the patient showed a rise in temperature from 99.4 to 101 to 102 F. that 
started forty-eight hours after treatment was begun and lasted for two 
days. This fever was not due to the dVug, since it disappeared without 
chemotherapy being stopped, but was associated with marked spread of 
the anthrax edema and the appearance of adenopathy. In many cases 
the temperature seemed to come down to normal before the edema was 
checked. However, the control of fever cannot be considered as reliable 
a yardstick of therapeutic efficacy as the control of edema. 

The red cell count and the hemoglobin content were normal in the 
11 cases in which the blood was examined. The total white cell count 
and the differential count were normal in 4 cases, while in the other 7 
there was leukocytosis (9,050 to 12,800 cells), with a corresponding 
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increase in the neutrophils. In the few instances of leukocytosis the 
cell count when repeated about three days after treatment was started was 
found to have returned to normal. 

The level of sulfapyridine in the blood was estimated in 13 cases, and 
the values ranged between 4 and 17.6 mg. per hundred cubic centimeters. 
In most cases the patients showed good blood levels (table 4). 

The course of development and regression of the anthrax “pustule” 
did not seem to be affected by sulfapyridine. 

Table 4. — Blood Levels of Sulfapyridine in Relaiio7i to the Amount of the 
Compowid Ingested for Treatment of Anthrax 


Case 

Approximate 
Number 
of Hours of 
Treatment Before 
the Blood I/Cvel 

Total Number 
of Grams of 
Sulfapyridine 
Ingested Before 
the Blood Level 

Sulfapyridine 

of the Drug 

of the Drug 

in Blood, 

Kuniber 

Was Determined 

Was Determined 

Mg./lOO Ce. 

20 


38.0 

17.0 

22 


8.6 

10.4 


40 

10.5 

13.0 

24 


9.5 

4.7 


37 

20.0 

9.0 


01 

29.6 

13,3 


■24. 

...* 

1.4 

25 

After Treatment 
Was Stopped 

7.0 

4.0 


90 

18.0 

8.7 

28 


12.0 

4.1 

3] 


13.0 

7.0 


320 

27.5 

0.0 

34 


17.0 

9.6 

30 

4S 

12.0 

11.1 

41 


15.0 

0.1 

30 


15.0 

8.0 

35 


17.0* 

7.2 

37 


22.0 

8.0 

29 

45 

20.0 

0,0 


* In this case the patient vomited in between doses during- the first twenty-four hours. 


In 11 cases the patients were hospitalized, and the average period 
of hospitalization was eight and five-tenths days. In the rest of the 
cases the patients were treated at home. The average period of disa- 
bility for the entire group was seventeen and three-tenths days. 

Reactions. In all cases the patients complained of marked nausea 
and loss of appetite. Occasional vomiting occurred in 4 cases. Because 
of gastric distress sulfapyridine therapy was stopped in 4 other cases. 
These complaints were not relieved by administration of alkalis or 
nicotinic acid. Drug fever occurred on 1 case (22). On the seventh day 
of treatment the temperature rose suddenly to 101 F. and stayed around 
102 F. for forty-eight hours. Physical examination revealed nothing 
abnormal, and on laboratory examination the blood and urine appeared 
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normal. The anthrax infection was well under control and could not 
account for the fever, which disappeared soon after sulfapyridine therapy 
was stopped. In 1 case the patient complained of dysuria, but the urine 
was not abnormal. In case 24 hematuria developed on the third day of 
intensive therapy (29.5 Gm. of sulfapyridine was administered in sixty- 
one hours, and the blood level of the drug was 13.3 mg. per hundred 
cubic centimeters), but through a misunderstanding the administration of 
the drug was continued, and within twenty-four hours there was gross 
bleeding from the urethra. There was no dysuria, and the urinary output 
remained good. The blood pressure was 130 systolic and 80 diastolic, 
but the blood urea nitrogen was found to be 40 mg. per hundred cubic 
centimeters. Twenty -four hours after administration of the drug was 
stopped, the sulfapyridine content of the blood had dropped to 1.4 mg. 
per hundred cubic centimeters. Treatment consisted in forcing fluids and 
alkalis by mouth. The blood level of urea nitrogen and the urine 
returned to normal in four days. In case 23 there also developed renal 
pain, hematuria and slight elevation of the blood urea nitrogen, which 
cleared up in four days. 

Sulfathiazole ; In 16 cases treatment was with sulfathiazole. The 
patients’ ages ranged from 3^4 to 62 years. Most of them were between 
18 and 43. Twelve were males, and 4 were females. In 4 cases the 
anthrax infection was initially treated with sulfapyridine, but the thera- 
peutic agent had to be changed because of severe nausea and vomiting. 
In 3 of these 4 cases credit for recovery must be given to sulfathiazole. 
In 1 case (55) a patient aged 62 (anthrax of the neck) was treated for 
three days with large doses of sulfathiazole, without improvement. His 
condition became desperate, but the administration of 1,000 cc. of anti- 
anthrax serum followed in twenty-four hours by a second dose of 200 cc. 
resulted in recovery. Thus sulfathiazole can be credited with 14 recov- 
eries and 1 failure. .The location of the lesion was as follows : the face, 
3 cases ; the neck, 1 case ; the arm, 1 case ; the forearm, 4 cases ; the 
hand, 1 case, and the finger, 5 cases. 

Treatment consisted of an initial dose of 3 to 4 Gm. of sulfathiazole 
followed by a dose of 1 to 1.5 Gm. every three to four hours. In case 59 
(anthrax of the arm) a child 3l4 years old, weighing 30 lb. (14 Kg.), 
was given an initial dose of 1 Gm. followed by a dose of 0.5 Gm. every 
four hours for four doses. Thereafter, 0.25 Gm. of sulfathiazole was 
given every four hours. The largest total dose given was 56.6 Gm. in 
seven days (anthrax of the face), and the smallest total dose was 21.5 
Gm. in five days (anthrax of the finger). In all cases but 1 treatment 
was begun early. In the exceptional case (45) the patient was kept 
under observation for six days before a papule on a finger developed 
the characteristics of anthrax, and on the appearance of edema, he was 
given sulfathiazole. The level of sulfathiazole in the blood was Estimated 
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in 8 cases. In 4 the values were good, from 8 to 11.1 mg. per hundred 
cubic centimeters ; while in the other 4 cases the concentrations were only 
3.3 to 4.4 mg. per hundred cubic centimeters. 

The spread of edema around the anthrax “pustule” was checked by 
sulfathiazole in one to four days after treatment was started; it then 
disappeared gradually, taking four to five days before the soft tissues 
returned to normal. It is my impression that sulfathiazole did not con- 
trol the edema as promptly as sulfapyridine. Regional adenopathy was 
present in all cases. Case 33 (anthrax of the right cheek) was unusual 
in that a bilateral painful cervical adenopathy developed two days after 
treatment was started. The contralateral lymph node was actually 
larger, more painful and persisted over a longer period than the node 
on the right anterior cervical chain. There was an accompanying rise 
in temperature to 100.6 F. that lasted for thirty-six hours. Also in 
cases 46, 53, 54 and 60 (anthrax of the forearm, wrist, finger and fore- 
arm, respectively) , in which the epitrochlear nodes were visibly enlarged, 
marked edema and redness of the soft tissues overlying the nodes devel- 
oped after treatment with sulfathiazole was started. In case 46 there 
was a concomitant rise in temperature to 103 F. lasting' for forty-eight 
hours. In 4 cases the regional nodes were visible and palpable for one 
to three weeks after the local lesion had healed. 

In all cases but 3 the patients were treated at home. The average 
period of total disability for the group was twelve days. 

Reactions. Slight nausea was present in most cases, but there was no 
vomiting. In 1 case (40) what appeared to be drug fever developed on 
the second day of sulfathiazole therapy. It disappeared within twelve 
hours after the drug was stopped. The only other reaction encountered 
was vertigo and a “feeling of being drunk” in 1 case (46). This dis- 
turbance of equilibrium occurred on the sixth day of treatment and 
cleared up completely about three days after administration of the drug 
was stopped. 

Sulfadiazine (2- [paraaminobenzenesulfonamido] -pyrimidine) : Sulf- 
adiazine was administered to 5 patients, 17 to 46 years of age. In case 
48 (anthrax of the face) the total dose was 59 Gm. in eleven days ; in 
cases 49 and 50 (anthrax of the forearm) the total doses were 34 Gm. in 
five days and 52 Gm. in seven days, respectively, and in case 51 (anthrax 
of the finger) the total dose was 25 Gm. in four days. In case 52 
(anthrax of the neck), the total dose Avas 37 Gm. of sulfadiazine in three 
and twenty-five hundredths days and the edema, which had involved 
the anterior cervical space, was brought under control, but severe renal 
colic with gross hematuria developed. After a day’s rest sulfathiazole 
Avas administered (1 Gm. every four hours), AAOthout any untOAA'ard 
reaction. Complete recovery ensued. 
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The initial dose was 3 to 4 Gm., followed by a dose of 1 to 1.5 Gm. 
every three to four hours. In cases 46 and 49 treatment was withheld 
for over twenty-four hours, until edema of the soft parts beyond the 
lesion had developed. Regional adenopathy and slight fever were also 
present. Good blood levels were obtained in all 5 cases, the values 
ranging from 15.4 to 23.5 mg. of sulfadiazine per hundred cubic centi- 
meters. The sulfadiazine appeared to check the anthrax edema a bit 
more slowly than was the case with sulfapyridine or sulfathiazole, which 
accounts for the larger total dose and the more prolonged period of treat- 
ment. Hematuria was the only toxic reaction encountered. In all cases 
but 1 (52) the patients were treated at home. The average period of 
total disability for the group was seventeen and six-tenths days. 

Immunotransfusion. It is not known whether recovery from anthrax 
confers any degree of permanent immunity to the disease, but instances 
of recurrent infection are rare. Smyth ^ reported several cases. Recovery 
appears to depend on local tissue immunity. Metchnikoff and Wright 
proved that phagocytosis is the essential process of recovery, and 
Besredka produced solid immunity in the guinea pig, which is the most 
sensitive animal known, without the development of humoral antibodies. 
On the other hand, the horse serum used in the treatment of anthrax 
contains agglutinins, precipitins and protective antibodies. Thus, the 
blood serum of the patient in case 10 gave a 4 plus agglutination reac- 
tion in a dilution of 1 : 64 and a 2 plus reaction in a dilution of 1 : 128 
three days after the intravenous injection of 300 cc. of antianthrax horse 
serum. I attempted to determine the curative value of pooled conva- 
lescent serum in 1 case of anthrax. In case 18 (anthrax of the neck) the 
patient was given intravenously 375 cc. of pooled serum on the third 
day of illness, when edema was sharply circumscribed to an area the 
size of a small orange. The serum had been obtained from three patients 
about three months after they had recovered from anthrax, and it had 
been preserved in the frozen state for about three months before it was 
used. It did not prevent the spread of the edema, and twenty-seven 
hours after its injection I was obliged to administer 500 cc. of anti- 
anthrax horse serum, with gratifying results. In this instance the con- 
valescent serum appeared to be of no value, either because of a low titer 
or because it was given in insufficient quantity. Yet 375 cc. constitutes 
a fairly large dose of serum. 

Transfusions of whole blood obtained from donors that had recovered 
from anthrax were given in 2 cases In case 15 (anthrax of the forearm, 
figs. 4 A and B) the patient failed to respond to two injections of serum, 
totaling 1,000 cc., and to sulfanilamide given by mouth, two tablets 
(5 grains [0.32 Gm.] each) four times a day for three days. The edema 
of the arm and the upper part of the chest increased; the skin around 
the elbow blistered and split ; the temperature was 103 P., and the patient 
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was restless and toxic. She was then given 500 cc. of hlood donated by 
a man who had recovered from anthrax about three and a half years 
before, followed by additional doses of 300 cc. of antianthrax horse 
serum and 0.9 Gm. of neoarsphenamine. Within six hours there occurred 
a startling change for the better. The patient fell asleep ; the tempera- 
ture dropped to normal, and the edema receded over the upper arm. 
Subsequently, she was given a second injection of neoarsphenamine and 
200 cc. of horse serum intramuscularly, and she made a full recovery 
after a sterile abscess in the left buttock had been drained. The patient 
in case 23 was seen on Nov. 27, 1939, the second day after the appear- 
ance of a papule on his neck ‘(figs. 5 A and B and 9). Because there 
was little edema, it was decided to withhold treatment for twenty-four 
hours. Next day he received 5.3 Gm. of sulfabenamide (p-caproylamino- 
benzenesulfonhydroxamide) . That evening the edema spread at an alarm- 
ing rate, and the patient was placed on sulfapyridine therapy. In twelve 
hours he received 7.5 Gm. of the drug, but the blood level of sulfa- 
pyridine was reported as only 4.0 mg. per hundred cubic centimeters. 
After another dose by mouth (1.5 Gm.) the patient vomited repeatedly 
(blood in the vomitus), which necessitated discontinuance of oral therapy 
(November 29). He was then given 700 cc. of antianthrax serum, 
followed in twelve hours by a transfusion of 500 cc. of blood obtained 
from a donor that had recovered from anthrax twenty-one months before. 
Next day the edema spread across the anterior aspect of the upper por- 
tion of the chest and down to the level of the costal margin on the right 
side. Another 500 cc. of antianthrax serum was given, without any 
effect. On December 1, the sixth day of illness, the temperature was 
102 F., signs of toxicity were increased and the skin on the neck was 
splitting because of the marked edema. Vomiting had subsided, and 
sulfapyridine therapy was resumed, with an initial dose of 3.5 Gm., 
followed by 1.5 Gm. every four hours. In addition, he received two 
intravenous injections of 5 Gm. each of sodium sulfapyridine eight hours 
apart. That night the edema had extended over the upper portion of the 
abdomen on the right side ; 500 cc. of serum was given intravenously at 
10 p. m. Next morning the blood level of sulfapyridine was reported 
as 9.1 mg. per hundred cubic centimeters. Repeated blood cultures 
were sterile, and the white cell count varied from 7,900 (82 per cent 
potymorphonuclear neutrophils) to 10,900 (84 per cent polymorphonu- 
clear neutrophils). Adequate supportive therapy was ordered. On 
December 3, vomiting recurred and the patient complained of severe 
pain along the right ureter. Sulfapyridine therapy was stopped. The 
blood level of the drug was 4.1 mg. per hundred cubic centimeters. The 
urine showed a heavy cloud of albumin, numerous red cells and an 
occasional white cell. The edema had spread to the level of the right 
iliac crest, and the skin showed patchy C 3 ^anosis. The temperature was 
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Fig. 9 (case 23). — Anthrax of the neck in a man aged 48. Treatment was with sulfapyridine, antianthrax serum, immunotransfusions and neo- 
arsphenamine. 
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101 F., and the patient’s condition was critical. Neoarsphenamine 
(0.9 Gm.) and serum (500 cc.) were given intravenously. Three hours 
later he received a second transfusion of 500 cc. of blood secured from a 
donor who had recovered from anthrax twenty-seven months before. 
Within three hours there occurred a dramatic change. The patient fell 
asleep ; the temperature returned to normal ; the swelling decreased over 
the lower portion of the chest on the right side so that the ribs could 
be outlined, and the erythema of the abdominal wall became much fainter. 
Thereafter, improvement was steady. On December 5 the blood level 
of urea nitrogen was found to be 38 mg. per hundred cubic centimeters, 
but it returned to normal three days later. The hematuria cleared up in 
four days. There was no change in the blood pressure. 

In view of the multiple therapeutic approach employed, I am unable 
to credit recovery in these 2 cases to any particular agent. Yet I feel 
that the blood transfusions were of some value. It is likely, however, 
that blood from an ordinary donor, not one who has recovered from 
anthrax, would have been just as beneficial, especially since the first 
immunotransfusion in case 23 was ineffective and since attempts to 
demonstrate the presence of antibodies (agglutinins and precipitins) in 
convalescent serums obtained six months after the patients had been 
successfully treated with antianthrax horse serum or sulfapyridine proved 
to be unsuccessful. 

COMMENT 

The diagnosis of anthrax, though easy to make, especially if one is 
aware of its possible occurrence, should always be confirmed bacteriologi- 
cally. The question of its prevention is a pressing public health problem, 
the importance of which can be gathered from the statement made by 
Smyth that “if wool and hair had been disinfected as is done satisfac- 
torily in England, there would have been saved some 33 lives and over 
5,000 lost days.” This problem can and. should be managed by the 
government through the establishment of disinfecting stations at the 
ports of entr)^ England has found it worth her while — so would this 
country, but the chances that it will be done here in view of the present 
emergency and the decreasing mortality rate from anthrax are indeed 
remote. The best one can do now is to urge early recognition of the dis- 
ease and prompt and adequate treatment. From 1934 to 1938 there were 
reported in the United States 375 cases of anthrax, with a fatality rate 
of more than 16 per cent, while in the previous five year period there 
were 379 cases, with a more than 22 per cent mortality. In individual 
series of cases in which treatment was careful, such as the one reported 
by Lucchesi and Gildersleeve,® deaths may not occur (no deaths in 67 
cases), and after the first death in this series (inadequate treatment) I 

5. Lucchesi, P. F., and Gildersleeve, N. : Treatment of Anthrax, J. A. M. A. 
116:1506 (April 5) 1941. 
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handled 59 cases without a fatality. I agree with Lucchesi and Gilder- 
sleeve ® that the excellent results obtained are due to the systemic 
treatment given while the local lesion is left strictly alone. There is no 
place in the modern therapeusis of anthrax for incision, excision or the 
injection of chemicals or serum into or around the lesion. 

The value of antianthrax serum is now well established. It is essen- 
tial that an adequate dose be given, and this varies with each patient, 
depending on the location of the lesion, the virulence of the organism 
and the time of treatment. From 200 to 500 cc. of serum should be 
given as an initial dose, to be repeated every twelve to twenty-four 
hours until edema is checked. Although recoveries have been reported 
in the European literature after the injection of small doses of serum,® 
it is important to emphasize that in my experience large amounts of 
serum are required in most cases of anthrax. This is in agreement 
with the observations of Lucchesi and Gildersleeve ® in America and 
Batschwaroff in Bulgaria.'"' 

I have found that control of the edema is the most reliable yardstick 
in determining whether sufficient serum has been administered in a given 
case. Contrary to the advice of Dumitresco and Jennesco,® I feel that 
the presence of adenopathy is no indication to continue serum treatment. 
The lymphoid enlargement may persist for days and weeks after the 
lesion has healed and the patient is on the road to complete recovery ; it 
gradually disappears without any therapy. 

The use of neoarsphenamine in the treatment of anthrax has been the 
subject of favorable reports by Hamilton,® Meshtschaninoff,^® Spencer 
and Gilbert.^® Lucchesi and Gildersleeve ® definitely expressed a prefer- 
ence for neoarsphenamine because it best fits the ideals for treatment, 
since it (1) does not harm the patient, (2) produces the lowest mortality 
rate, (3) causes the shortest absence from employment, (4) is the least 
expensiye and (5) is easily given. However, these authors also stated 
that if a patient is afflicted with the internal type of anthrax, if the blood 
stream has been invaded or if the lesion is on the face or neck, serum 

6. Bodin, E. ; The Treatment of Human Anthrax by Serotherapy, Presse 
med. 35:961 (Aug. 3) 1927. 

7. Batschwaroff, W.: Anthrax in Bulgaria and Its Treatment with Immune 
Serum, Deutsche med. Wchnschr. 65:1343 (Aug. 25) 1939. 

8. Dumitresco, T., and Jennesco, C. : Antiserum Therapy of Anthrax, Bull, et 
mem. Soc. med. d. hop. de Paris 48:1360 (Nov. 7) 1932. 

9. Hamilton, I.: Anthrax (Malignant Pustule) Treated by Anthrax Anti- 
serum, with Note on Treatment by “Salvarsan” Preparation, M. J Australia 
1:863 (June 18) 1932. 

10. Meshtschaninoff, cited by Gay, F. P.: Agents of Disease and Host Resis- 
tance, Springfield, 111., Charles C. Thomas, Publisher, 1935. 

11. Spencer, H. A.: Human Anthrax: Its Effective Treatment with Organic 
Arsenic Preparations, J. Trop. Med. 37:9 (Jan. 1) 1934. 

12. Gilbert, F. W. : Human Anthrax in Barotesland Treated with Novarseno- 
benzene (Neoarsphenamine), Lancet 2:1283 (Dec. 7) 1935. 
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is the agent of choice. Lucchesi and Gildersleeve added that if there is 
any doubt as to the type of treatment desired, serum should be admin- 
istered. Published reports on the value of neoarsphenamine in the 
treatment of experimental anthrax in animals^® are not encouraging. 
Likewise, Eurich,^'^ using both serum and arsphenamine in treatment in 
200 cases of cutaneous anthrax, with a mortality rate of 5 per cent, found 
that the relative value of the two substances was uncertain. In my hands 
neoarsphenamine did not prove to be of much value when given in addi- 
tion to serum in a small group of cases. Lovett, of the Municipal 
Hospital for Contagious Diseases, Camden, N. J., has expressed a 
similar opinion. 

Several reports have been published on the use of sulfonamide 
compounds in the treatment of anthrax, Ivanovics found that sulfanil- 
amide, sulfapyridine and sulfoglycoside (4,4"-diaminodiphenylsulfon- 
glycoside) had little or no influence on the course of infection in mice 
when given immediately after inoculation with a strain of anthrax bacilli 
of constant virulence. On the other hand, Cruickshank stated that of 
the agents tested only sulfapyridine and sulfanilamide were found to have 
beneficial action on the course of anthrax infection in mice, and of the 
two, sulfapyridine was more effective in delaying death in the infected 
animals. When large doses of sulfapyridine were given, a considerable 
proportion of the mice survived and the curative effect was complete 
in the sense that the organism was not recoverable from the tissues of 
the mice. In all experiments but the last all or almost all of the control 
mice died. In the last experiment, with a death rate of 80 per cent 
among the controls, the death rate among the mice treated with sulfa- 
pyridine was reduced to 33.3 per cent. Moreover, it seems that sulfa- 
pyridine has in the mouse a far more effective action than arsenical 
compounds. Similarly, May and Buck reported that sulfapyridine 
and to a less extent sulfanilamide and sulfoglycoside delay death in mice 
infected with fully virulent encapsulated non-spore-forming anthrax 
bacilli, although no ultimate decrease in mortality results from using 
these drugs. The results suggest that sulfapyridine had the effect of 
temporarily holding up the course of infection. In comparative experi- 

13. (a) Urbain, A.; Theobalt, E., and Vallee, M. : A Study on the Chemo- 

therapy of Experimental Anthrax Infection in Laboratory Animals, Compt. rend. 
Soc. de biol. 104:1204, 1930. (b) Kurotchkin, T. J., and Reimann, H. A.: Com- 
parative Values of Antianthrax Serum and of Neosalvarsan in Treatment of 
Experimental Anthrax, J. Infect. Dis. 46:36 (Jan.) 1930. (c) Ivanovics, G. . 

Effect of Sulfanilamide and Similar Preparations on Anthrax, Ztschr. f. Imniuni- 
tiitsforsch. u. exper. Therap. 96:252 (Aug. 31) 1939. (d) Cruickshank, J. C. . 

Chemotherapy of Experimental Anthrax Infection, Lancet 2:681 (Sept. 23) 1939. 

14. Eurich, F. W. : Some Notes on Industrial Anthrax: Its Diagnosis and 
Treatment, Brit. M. J. 2:50 (Julj' 8) 1933. 

15. Lovett. J. C. : Personal communication to the author. 
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.\nthra.x. Lancet 2:685 (Sept. 23) 1939. 
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ments with two commercial serums May found that there was no differ- 
ence at any stage of the experiments between treated and control 
animals; similar results have also been obtained by Tomcsik and 
Ivanovics with serums commercially available in Hungary. However, 
a special serum prepared in rabbits saved 9 of 12 mice. May also 
reported that the results obtained by using antianthrax rabbit serum 
together with snlfapyridine were no better than those obtained with 
serum alone. May stated that it by no means follows that a serum 
conferring no protection on the mouse would be valueless in the treat- 
ment of anthrax in human beings. While these experiments were being 
carried out, 2 patients with severe cutaneous anthrax were treated by 
May with sulfapyridine and Sclavo’s antianthrax serum. The author 
stated that while both patients recovered, it cannot justifiably be claimed 
that the use of the drug played any material part in overcoming the 
infection. In the series reported by Lucchesi and Gildersleeve ° sulfanil- 
amide was given in 3 cases. In 2 cases patients had been given the drug 
before admission for one and four days with total doses of 60 grains 
(3.9 Gm.) and 250 grains (16.2 Gm.), respectively. In both cases it was 
necessary to use serum after admission. In a third case the patient was 
treated with sulfanilamide alone, but the lesion involuted slowly, and he 
was confined to the hospital for twenty-four days, with a culture of 
material from the lesion positive for anthrax bacilli on the twentieth day 
of hospitalization. The authors’ clinical impression was that these 
patients did not fare as well as their other patients. Ferenczi treated 4 
patients with anthrax with sulfanilamide (deseptyl) and stated: 

The first patient, with severe anthrax of the forearm, was cured with one 
injection of the drug and two tablets given by mouth three times a day. The 
second patient, with a lesion on the forearm, was handled in the same way as 
the first one. The third patient, with a lesion on the neck and severe swelling, 
was given 20 cc. of serum, without improvement. The next day 10 cc. of sulf- 
anilamide was administered intravenousb’’, and two tablets of the drug were 
ordered three times a day. The fever fell in forty-eight hours, and the patient 
recovered. The fourth patient, with multiple lesions (5) on the forearm, recovered 
shortly after chemotherapy was started. 

Dorffel reported 2 cases of anthrax in which treatment with prontosil 
(the hydrochloride of 4-sulfamido-2'-4'-diaminoazobenzene) was success- 
ful. In the first case the patient received two tablets three times 
daily ; her temperature returned to normal on the fourth day, and the 
inflammatory process subsided before 40 cc. of serum was injected. 
A second dose of serum was injected six days later. It is not clear 

17. Tomcsik, J., and Ivanovics, G. : Immunizing Action of Anticapsular Immune 

Body in Anthrax, Ztschr. f. Immunitiitsforsch. u. exper. Therap 94-28 fOct S') 
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sdir. 66:827 (July 26) 1940. 
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from the report why serum was given after improvement had set in. 
In the second case, in which the author designated the illness as pseudo- 
anthrax, the patient recovered after two weekly courses of chemotherapy 
(two tablets three times a day — ^with eight days between the courses). 
Ravina-® reviewed 2 cases reported by Chanial in which anthrax was 
treated with serum and sulfanilamide (1 case) and with sulfapyridine 
(1 case) and stated that fever and edema subsided abruptly after the 
administration of the compounds. Ravina also referred to the work of 
the Rumanian physicians, Munteanu and Zeltzman, who treated 8 
patients with anthrax, 5 of whom were severely ill, with N^-benzylsulfanil- 
amide (46 RP) administered by mouth, in addition to injections of the 
same sulfanilamide derivative, with recovery of all patients in six to ten 
days. Eight control patients were treated with large doses of serum ; 3 
died and 5 recovered, the latter taking thirty-eight days to get well. 
Finally, Ravina mentioned a patient with severe anthrax treated by 
Brimont with sulfapyridine given by mouth and a 5 per cent ointment of 
sulfanilamide applied locally. The boy recovered after three days of treat- 
ment. Ravina concluded that a sulfonamide compound alone or in associa- 
tion with serum cures anthrax. Bonnar reported 2 cases of anthrax in 
human beings in which treatment was with sulfapyridine. Recovery 
cannot, however, be credited to this drug, since in both cases the patients 
had previously received two doses of Sclavo’s antianthrax serum and of 
neoarsphenamine, and improvement followed too soon after the sulfa- 
pyridine therapy was started. Recently, Davidson reported a case 
in which anthrax of the neck was cured by arsenicals and sulfapyridine. 
The patient received a full course of sulfapyridine therapy, with 2 Gm. as 
an initial dose, followed by 1 Gm. every four hours for forty-eight hours 
and then 1 Gm. three times a day for thirty-six hours. Later he was 
given 0.5 Gm. twice a day for four days, making a total dose of 24.5 Gm. 
On the day after admission to the hospital 10 cc. of Sclavo’s antianthrax 
serum was given subcutaneously. Arsenic was also given, intravenously, 
in the form of neoarsphenamine in a dose of 0.6 Gm. on the second, the 
third and the sixth day after admission. Davidson credited the cure 
to the chemical agents used, since Sclavo’s serum can be disregarded 
on account of the small quantity given. 

I have used sulfonamide compounds in treatment in 42 cases, with 
excellent results in 39. In 1 case (26), sulfapyridine was discontinued 
too soon and serum was given instead; in 2 cases (23 and 55) the 
patients were treated intensively with sulfapyridine and sulfathiazole, 
respectively, but they failed to respond to these drugs. Judging by the 

20. Ravina, A.: Treatment of Anthrax by Sulfonamide Compounds, Presse 
med. 48:424 (April 17) 1940. 
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pyridine, Brit M. J. 2:725 (Nov. 22) 1941. 
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speed with which anthrax edema was controlled, I found sulfapyridme 
to be the most effective (one to three days) ; next came sulfathiazole 
(one to four days), then sulfadiazine (two to .five days) and lastly 
sulfanilamide (five days?). However, the greater efficacy of sulfapyn- 
dine is partly overcome by the greater incidence of reactions, especially 
nausea, vomiting and hematuria, that it produces. Therefore, at the 
present time I consider sulfathiazole the drug of choice. The following 
procedure was adopted : After the diagnosis of anthrax is made, large 
doses of sulfathiazole are given for two to three days, with frequent 
checking on the urine, the blood count and the concentration of the drug 
in the blood. If the edema is not controlled by the third day, large 
doses of antianthrax serum are resorted to. If the spread of the edema 
is checked by sulfathiazole, chemotherapy is continued until the edema 
disappears. 

The period of illness is definitely shortened by this form of chemo- 
therapy. While the average period of hospitalization was fifteen and 
three-tenths days in the cases in which treatment was with serum, it was 
eight and five-tenths days in the cases in which treatment was with 
sulfapyridine. An even more striking difference was noted in the 
number of work days lost. Thus, the average period of total disability 
in the former group was thirty-seven and five-tenths days, while in the 
cases in which treatment was with a sulfonamide compound (sulfapyri- 
dine, sulfathiazole or sulfadiazine) it was fifteen and four-tenths days. 
In addition, chemotherapy enabled me to keep many patients at home, 
thus saving on hospital beds as well as expense. It does not produce 
the unpleasant reactions associated with serum therapy (thermal reac- 
tion, anaphylactic reaction, and serum sickness) and does not sensitize 
the patient to a foreign protein. Finally, it has the great advantage of 
simplicity of administration. At my suggestion Lovett treated 3 
patients with sulfathiazole. He reported : 

The first one had been sick for four days, and he was given sulfathiazole and 
500 cc. of serum, which compared favorably with the doses of 900 to 1,100 cc. 
that were used on 4 patients with anthrax previously treated with neoarsphen- 
amine. The second patient recovered under sulfathiazole therapy alone. The third 
patient, ill five days, was toxic and edematous. The lesion was located on the 
right upper eyelid. He recovered after receiving sulfathiazole and 1,100 cc. of 
serum. This is 1 patient I felt sure would die, so I believe that the sulfathiazole 
was of great benefit. 

My experience to date indicates that sulfonamide compounds are 
a reliable and safe substitute for serum in the therapy of anthrax and 
should be given preference in the treatment of this disease. 

SUMMARY AND CONCLUSIONS 

Sixty cases of anthrax are reviewed. Sources of infection, yearly 
occurrence, distribution, clinical course and methods of treatment are 
discussed. 
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In 21 cases treatment was with antianthrax serum. One death 
occurred. To secure recovery large amounts of serum (200 to 2,200 cc.) 
were administered intravenously. In each case an optimum dose suffi- 
cient to control the edema was required. 

Neoarsphenamine given in addition to serum was found to be of little 
or no benefit. 

In 42 cases of anthrax treatment was with sulfonamide compounds, 
with excellent results in 39 cases. In 1 case (23) the patient became 
worse after intensive treatment udth sulfapyridine and its sodium salt, but 
he recovered after the injection of large doses of antianthrax serum and 
neoarsphenamine and immunotransfusions. In case 55 the patient failed 
to respond to adequate doses of sulfathiazole, but he recovered after the 
administration of serum. In the remaining case (26), sulfapyridine 
therapy was stopped too soon and antianthrax serum was given instead, 
with good results. 

Sulfapyridine was found to be the most effective sulfonamide com- 
pound; next came sulfathiazole, then sulfadiazine. However, because 
of the high incidence of nausea and vomiting encountered in the course of 
sulfapyridine therapy, I consider sulfathiazole the drug of choice at the 
present time. 

Large doses of sulfathiazole should be given until edema is controlled. 
If a patient fails to respond after three days of treatment, antianthrax 
serum should be resorted to. 

Sulfonamide compounds are a safe and reliable substitute for anti- 
anthrax serum. These chemotherapeutic agents are easy to administer; 
their use materially shortens the period of hospitalization and disability, 
and they are economical. 

REPORT OF NINE CASES 

Case 21. — On Feb. 10, 1939 W. N., a white man aged 23, scratched the left 
side of the neck with a wire, while attempting to lift a roller in the carding 
room. The wound was painted with tincture of iodine. On the night of Feb- 
ruary 12 the neck itched a little, and on February 13 there was a “sore” at the 
site of the scratch. He came to the office on the next day when a dry black 
“pustule” was discovered just below the middle of the left half of the jaw. A small 
area of edema, the size of a quarter, surrounded the papule, and a small tender 
lymph node, the size of a marble, was palpable below the left cricoid cartilage. 
The patient was admitted to the Chester Hospital, where the diagnosis of anthrax 
was confirmed bacteriologically. On February 15 the edema spread over the entire 
anterior cervical triangle on the left side, and a second node was palpable on the 
posterior cervical chain above the clavicle. There was no fever. The white cell 
count was 11,200, with 87 per cent polymorphonuclear neutrophils. The urine was 
normal. The patient was then given a dose of 3 Gm. of sulfapyridine, followe 
by a dose of 1 Gm. every four hours. Next day the edema remained unchange , 
but on February 17 a definite decrease in the swelling was noted. The two 
nodes were also smaller. On February 18 the neck had a normal contour. c 
lesion was depressed and dry. The white cell count was 5,400, with 61 per cent 
polymorphonuclear neutrophils. The dose of sulfapyridine was reduced to m. 



GOLD— ANTHRAX 


813 


every six hours. On February 20 the eschar was removed, leaving a superficial 
ulcer with a purulent base. Sulfapyridine was decreased to 0.5 Gm. every six 
hours. On February 21 the ulcer was granulating, the adenopathy was much less 
extensive and the patient was discharged from the hospital. The intake of sulfa- 
pyridine was 28.5 Gm. in five and five-tenths days. The patient was declared 
cured on February 25. Total disability lasted twelve days. 

Case 36.— On Dec. 11, 1940 R. S., a white woman aged 23, noted a “small pimple” 
on the right arm just above the elbow. When seen the next morning she showed 
an anthrax “pustule,” with swelling of soft tissue both above and below the right 
elbow; her temperature was 99.2 F. She was admitted to the Chester Hospital, 



^ Fig. 10 (case 36). — Anthrax of the arm in a woman aged 23. Treatment was 
with sulfapyridine. 

where the diagnosis of anthrax was confirmed bacteriologically (fig. 10). She was 
then given 2 Gm. of sulfapyridine; the dose was repeated in four hours and was 
followed by a dose of 1 Gm. every four hours. The white cell count was 8,800, 
with S3 per cent polymorphonuclear neutrophils. On December 13, the temperature 
became normal and the edema disappeared, but the skin around the “pustule” became 
bright red, and the right axilla was painful. On December 14 the lesion had a 
button-like appearance and was dry. The cutaneous erythema, though pale, had 
spread upward, and the axillary node was vaguely outlined and was slightly tender. 
The patient complained of marked nausea but did not vomit. The blood level of 
sulfapyridine was 11.1 mg. per hundred cubic centimeters. The dose was reduced 
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to 0.5 Gm. every four hours. On December 16 she felt much improved ; the lesion 
had a black center, the peripheral vesicles were dry and wrinkled and the adenopathy 
and erythema had disappeared. Sulfapyridine was ordered every six hours. The 
patient was sent home on December 17. The total intake of sulfapyridine was 23 Gm. 
in five days. The eschar was removed a few days later, and she was declared cured 
on December 26. Total disability lasted fourteen days. 

Case 32.— On Aug. 9, 1940 E. K., a white man aged 19, noted a small pimple 
below the right eye, which he painted, with tincture of iodine. He continued to 
work until August 12, when he was sent to my office because of swelling of the 
face. Examination revealed a lesion below the right infraorbital ridge that resembled 
a flea bite, with edema around it covering an area the size of a quarter. There were 
two palpable lymph nodes, one at the angle of the jaw and the other at the upper 
end of the anterior cervical chain on the right side. The temperature was 99.4 F. 
A smear and a culture of material from the lesion were positive for anthrax bacilli. 
The patient was treated at home. The initial dose of sulfapyridine was 3 Gm., 
followed by a dose of 1 Gm. every four hours. Next day, the lesion was more 
typical in its appearance and there was an increase in the edema below the right 
eye. There was also swelling of the soft tissues overlying the lymph node at the angle 
of the jaw. On August 14 the temperature was normal, but the edema had spread 
around the external canthus. The lesion was moist; the patient appeared to be 
depressed, had vomited throughout the night and refused to go on with oral therapy. 
A sample of blood taken two hours after the last morning dose (none during the 
night) showed 3.5 mg. of sulfapyridine per hundred cubic centimeters. He was 
then placed on sulfathiazole therapy, 1 Gm, every four hours. On August 15, the 
swelling had increased and the eye was half closed. The lymph nodes were larger, 
and the lesion was oozing freely. One and five-tenths grams of sulfathiazole was 
ordered everj' three hours. There was neither nausea nor vomiting. The fluid intake 
was excellent. On August 16 the edema of the face had spread down to the level of 
the mouth and upward along the zygoma. The right eye could be opened only 
one third of the way, and the skin over the bridge of the nose was bright red. A 
sample of blood taken two and one-half hours after the last dose showed 8.0 mg. 
of sulfathiazole per hundred cubic centimeters. The dose was then reduced to 1 Gm. 
every three hours, and I decided to resort to antianthrax serum if the spread of 
the edema was not checked within twelve hours. That evening there was some 
decrease in the swelling of the lower part of the face, and the eye was more widely 
opened. On August 17 there was definite decrease in the edema. The lesion was 
covered by a dry black eschar. Sulfathiazole was administered every four hours 
until August 16, when the dose was reduced to 1 Gm. every six hours. There was 
stead 3 ' improvement, and on August 22 the eschar came off, leaving a small ulcer 
that healed completely by August 31. The lymph nodes remained palpable for 
another two weeks. The total sulfathiazole intake was 43 Gm. in seven days. Total 
disability lasted fourteen days. 

Case 33.— On Aug. 22, 1940 F. K., a white man aged 19, noticed on the right 
cheek a pimple that itched a little. Examination revealed a red papule, the size of 
a nickel, with a yellow, excoriated top. Edema of the face developed a few hours 
later. There was neither adenopathy nor fever. A smear and a culture of material 
from the lesion were positive for anthrax bacilli. The patient was treated at home. 
The initial dose of sulfathiazole was 3 Gm., followed by a dose of 1.5 Gm. every four 
hours. On August 24 the lesion looked like a flat button with an ulcerated center 
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and a red rim. The cheek appeared to be more swollen, and a small tender node 
had appeared at the right angle of the jaw. A sample of blood taken three hours 
after the morning dose showed only 1.8 mg. of sulfathiazole per hundred cubic 
centimeters. The same night the patient complained of pain on both sides of the 
neck and across the back. He was covered with sweat, and the temperature had 
risen to 100.6 F. The edema of the face was increased, and an additional node was 
palpable bilaterally in the middle portion of the neck (anterior chain). The node 
on the left side was larger and more tender. Sulfathiazole was increased to 1.5 Gm. 
every three hours. The temperature and the pain subsided the next day (August 25) , 
but the three lymph nodes were still palpable and tender. The edema of the face 
began to subside late at night. A sample of the blood taken on August 26 contained 
only 3.3 mg. of sulfathiazole per hundred cubic centimeters, in spite of intensive 
therapy which was well tolerated. On August 27, the temperature was normal, the 
face was less swollen and the nodes were less tender. The lesion was black and 
oozing. On August 29, the lower half of the face was still somewhat swollen, but 
the lymph node on the right side was hardly palpable ; the contralateral node was the 
size of a marble, though not tender. One gram of sulfathiazole was ordered every 
four hours. The eschar began to separate at the edges on August 31 and came off 
four days later. The ulcer was completely healed on September 9, but the pealike 
lymph nodule was palpable on the left side of the neck for two weeks. The total 
intake of sulfathiazole was 56.5 Gm. in seven days. Total disability lasted eighteen 
days. 

Case 40. — On March 9, 1941 C. W., a white woman aged 25, noted a “small 
pimple” on the left side of her chin. Next day it itched a little and began to swell. 
When examined on March 11 at 7 p. m. the lesion consisted of a small papule with a 
vesicular top and an ulcerated center. Surrounding it was a ring of erythema and 
edema that spread to the submental area. The left submental lymph node was the size 
of a walnut. There was also a node at the upper end of the right posterior cervical 
chain. Her temperature was 100 F. A smear and a culture of material from the lesion 
were loaded with anthrax bacilli. She was treated at home. The initial dose of 
sulfapyridine was 3 Gm. In the next twelve hours she took 3 Gm. of the drug, and 
because of a misunderstanding of instructions to repeat the dose if vomiting occurred 
within one hour after taking the sulfapyridine, she ingested 6 Gm. in the following 
four hours. The severe vomiting that ensued produced marked dehydration and 
forced a change in treatment. On March 13 she was given 2 Gm. of sulfathiazole 
followed by 1 Gm. every four hours. At 10 a. m. the temperature was 98.8 F. 
The lesion had enlarged considerably and was moist; the chin and the lower part 
of the face were markedly swollen. At 8 : 30 p. m. the temperature was 100 F. 
Sulfathiazole was ordered every three hours. On March 14 the blood level of sulfa- 
thiazole was 9.7 mg. per hundred cubic centimeters. The swelling was unchanged. 
At 8 p. m., the temperature jumped to 103 F. and the pulse rate was 118 per minute. 
There were no complaints, and ph}’^sical examination revealed nothing abnormal. 
Next morning, the temperature was 101.6 F. and there was definite decrease of the 
swelling of the face, although the submental area was prominent, because of enlarge- 
ment of the regional node (left). The right cervical node was much smaller. 
Because of the possibility of drug fever the medication was stopped. The total intake 
of sulfathiazole was 16 Gm. in two days. On March IS, the temperature returned 
to normal and the edema of the chin was lessened. Thereafter, improvement was 
steady. The eschar was removed on March 24, leaving a flat ulcer with a clean base 
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that healed in four da}'s. However, the bulge under the chin, due to the enlarged 
lymph node, was still prominent as late as April 8 and did not disappear for another 
two weeks. Total disability lasted eighteen days. 

Case 49. — ^J. D., a white man aged 20, was well until the night of Aug. 14, 1941, 
when he felt some pain in the left axilla. Looking around he found a “small pimple” 
on the external surface of the left forearm below the elbow. When seen in the 
office on August 15 he had a typical anthrax “pustule” on the forearm, with some 
edema around it. A lymph node the size of a walnut was palpated in the left axilla. 
The temperature was 98.8 F. A smear and a culture of material from the lesion 
were positive for anthrax bacilli. Because of the small amount of edema present it 
was decided to postpone treatment. The patient was kept at home and was given 
sodium bicarbonate tablets as substitute therapy. On March 16, the lesion was 
brown and the swelling had definitely increased, involving the outer half of the upper 
third of the forearm. Four grams of sulfadiazine was then given as an initial dose, 
followed bj' a dose of 1 Gm. every four hours. Next day, the edema was increased 
and the skin on the external surface of the upper half of the forearm and the lower 
third of the arm was bright red and hot to the touch. The axillary node was 
unchanged. There was no fever. On March 18 the edema involved the entire upper 
half of the fore^arm, but the cutaneous erythema was lessened and the lymph 
node was smaller and not as tender. The lesion was black and moist. The dose 
of sulfadiazine was increased to 1.5 Gm. every four hours. On March 19 the blood 
level of sulfadiazine was 15.4 mg. per hundred cubic centimeters. The edema of 
the forearm showed no change, but the erythema had decreased considerably. The 
dose was reduced to 1 Gm. every four hours. That evening the swelling of the arm 
began to decrease. This was more definite on the following morning, when the dose 
was reduced to 0.5 Gm. every four hours. On March 21 the edema had disappeared 
except for a small area around the lesion, which was black and dry. Sulfadiazine 
was stopped after an intake of 34 Gm. in five days. The eschar was removed on 
March 25, leaving a deep ulcer that healed in a week. Total disability lasted eighteen 
days. 

Case 52. — D. L., a white man aged 46, worked as a carder until Dec. 18, 1941, 
when he came to the office because of a “sore” on the back of the neck (right side). 
There was no history of trauma. On December 15 he had noticed a small “pimple” 
on the neck, which, though painless, had gradually increased in size. Examination 
revealed a t 3 'pical anthrax lesion with slight edema of the surrounding tissues. There 
was no adenopathy. At 12 noon his temperature was 99.6 F. A smear and a 
culture of material from the lesion were positive for anthrax bacilli. He was given 
4 Gm. of sulfadiazine followed by a dose of 1.5 Gm. every four hours. 

Next morning the patient was seen at home, when he appeared to be distressed 
and complained of headache, pain in the abdomen and fever. The temperature was 
101 F. The swelling around the lesion had increased considerably ; there were firm 
induration of the right half of the back of the neck and loose edema below the right 
ear and the angle of the jaw. The patient was then admitted to the Chester 
Hospital (fig. 11). At 1 p. m. his blood level of sulfadiazine was 13 mg. per hundred 
cubic centimeters. One and five-tenths grams was ordered every three hours. ^ On 
December 20 the patient was feverish and complained of pain in the epigastrium. 
The lesion was black with large peripheral vesicles, and the edema had sprea 
upward into the scalp, across the back of the entire neck and forward into tlie rig t 
anterior cervical space. There was also hard induration in front of and below t 
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right ear. On examination the urine was acid, had a specific gravity of 1.016 and 
contained a faint trace of albumin, a few epithelial cells and many calcium sulfate 
and sulfadiazine crystals. A blood count showed 5,330,000 red cells, a hemoglobin 
content of 15 Gm. per hundred cubic centimeters (93 per cent) and 13,500 white 
cells, of which 91 per cent were polymorphonuclear neutrophils (58 per cent band 
forms and 33 per cent segmented forms), 1 per cent were basophils and 8 per cent 
were lymphocytes. At 9 p. m., the patient complained of pain across the left side 
of the back, the edema had obliterated the cervical and the supraclavicular space on 
the right side and the skin over this area was bright red. 

On December 21 the patient was restless and was suffering from typical renal 
colic (left side). There was gross hematuria, and a specimen of urine was loaded 



Fig. 11 (case 52).— Anthrax of the neck in a man aged 46. Treatment was 
with sulfadiazine and sulfathiazole. 

with mucous shreds and sulfadiazine crystals. He had vomited three times during 
the morning. The last dose of sulfadiazine had been given at 12 noon. At 11 a. m. 
(two hours after medication) his blood level of sulfadiazine had been 16 mg. per 
hundred cubic centimeters. The swelling and the induration of the back of the neck 
and face had decreased a little, but the loose edema of the anterior cervical area had 
increased somewhat. Morphine, alkalis by mouth and an intravenous injection of 
1,000 cc.of 10 per cent dextrose in physiologic solution of sodium chloride were given 
At 8 p. m. the temperature was 101.6 F.; the pain and tenderness over the left loin 
had lessened, but the edema had spread down over the manubrium. Erythema of 
the skin over the area of spreading edema was a striking feature. 
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On December 22, the patient was less toxic and the renal pain had subsided. The 
output of urine was decreased ; the blood pressure was 130 systolic and 78 diastolic, 
and the blood level of urea nitrogen was 16 mg. per hundred cubic centimeters. 
The spread of the edema had halted, and the patient seemed improved. Twenty-one 
hours after chemotherapy had been stopped the blood level of sulfadiazine was still 
13 mg. per hundred cubic centimeters. At 6:30 p. m. the temperature was down 
to 99.6 F. There was an occasional pain over the suprapubic area, but the urine was 
grossly clear of blood. The edema of the neck was definitely lessened. At 
10 a. m. 1 Gm. of sulfathiazole was ordered every four hours. On December 23 
the patient was much improved and the area of induration in front of and 
below the right ear was much softer. The edema of the neck was decreased. 
Next day a dry black eschar developed on the lesion. Sulfathiazole was given 
every six hours. On December 26 the neck had a normal contour and the lesion 
was dry and black, with a surrounding area of induration the size of a silver 
dollar. Five tenths of a gram of sulfathiazole was ordered every six hours. The 
urine was still acid and contained a trace of albumin, 10 to 12 white cells per 
high power field and an occasional epithelial cell but no red cells. The patient 
was sent home on December 27. Five tenths of a gram of sulfathiazole four 
times a day was ordered for two days. The area of induration and the eschar, 
which had appeared rather late, persisted for over three weeks. The patient 
returned to work on Jan. 14, 1942, but the ulcer was deeply infected (staphylococci) 
and responded slowly to local treatment. He was discharged cured on Feb. 7, 1942. 
The total intake of sulfadiazine was 37 Gm. in three and twenty-five hundredths 
days. The total intake of sulfathiazole was 25.5 Gm. in seven days. Total disability 
lasted twenty days. 


Case 55. — L. M., an obese white man aged 62, worked as a carder until March 2, 
1942, when he came to the office with a typical anthrax lesion on the right side 
of the neck below the angle of the jaw. A large edematous area surrounded the 
“pustule.” The next day, it turned red and the neck became swollen. The 
temperature was 99 F. ; the pulse rate, 80 per minute, and respirations, 26 per 
minute. The blood pressure was 170 systolic and 100 diastolic. The patient was 
admitted to the Chester Hospital, where the diagnosis was confirmed bacterio- 


logically (fig. 12). The patient was placed on sulfathiazole therap 3 " — 4 Gm. as 
an initial dose, followed by a dose of 1 Gm. every four hours. The urine contained 
a faint trace of albumin and an occasional hyaline cast. A blood count showed 
4,550,000 red cells, a hemoglobin content of 13.5 Gm. per hundred cubic centi- 
meters (84 per cent) and 6,600 white cells, of which 77 per cent were polymorpho- 
nuclear neutrophils, 2 per cent were eosinophils and 21 per cent were lymphocytes. 

On March 3 the lesion showed little change, but the edema had spread across 
the back of the neck, which felt hard, and anteriorly along the entire cervical 
space. On March 4 there was noted a further spread of the soft swelling, with 
obliteration of the normal contour of the neck and face on the right side. The 


skin over the swollen area was bright red. A large lymph node was palpable 
above the right clavicle. There were a rise in temperature and increased toxicity. 
I decided to resort to serotherapy if improvement did not set in by the next 
morning. When seen at 7 : 30 a. m. the patient was drowsy and disoriented. The 
pulse was rapid, thready and irregular, due to extrasystoles. Cheyne-Stokes 
breathing and deep cyanosis had developed. The lesion had undergone marked 
changes. It covered a square 3 inches (7.5 cm.) wide and consisted of severa 
large bluish red vesicles, from which a serosanguineous fluid oozed freelj". 
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center was blacl ’ definite eschar. The swelling had increased 

further, involving (mumpslike appearance), the suprascapular 

area and the ri^^^ infraclavicular fossa. The blood level of sulfathiazole was 
8.3 mg. per hud'^''^'^ centimeters. The last dose was given at 9 a. m. 

Chemotherapy w^^ stopped. A blood culture was sterile, and a blood count 
showed 3,910,00(]’ ^ hemoglobin content of 11 Gm. per hundred cubic 

centimeters (68 14,900 white cells, of which 95 per cent were poly- 
morphonuclear segmented forms, 56 per cent band forms, 

2 per cent metan'^'^*®^^'^^® ^ P^*" mi^elocytes) and 5 per cent were lympho- 

cytes. The urii'^ contained albumin (4 plus), an occasional h 3 'aline cast and 
numerous sulfatn'^^®^^ crystals. One thousand cubic centimeters of lyophilized anti- 


anthrax serum ( Sharp and Dohme) was given intravenously, followed by 500 cc. of 
physiologic solut sodium chloride. This was followed by a severe chill that 

lasted one-half hq^'"- Three hours later (4: 30 p. m.) the patient was much improved. 
The pulse had r^S^i’^ed its former full volume and was regular. Breathing was 
normal The edtj^^ slightly decreased. At 9 p. m., the temperature 


was down to 90 patient felt much better. The swelling under the chin 

was softer, and fsce was less swollen. 

On March 6 patient’s general condition was good. The output of urine 
was excellent. definitely less swollen, although there was still con- 

siderable edema -■'^der the chin and along the right side of the jaw. An additional 
dose of 200 cc. <’^ lyophilized antianthrax serum was given intravenously, without 

any reaction. 

On March 7 blood pressure was 160 systolic and 90 diastolic. The edema 
was decreasing slowdy, and some dry black specks developed in the lesion, 

indicating eschar On March 9 the edema of the neck had disappeared 

except for an a‘^^ induration around the large “pustule.” The epiclavicular 
node was still p^'pable under the overlying sw'elling of the soft tissues. Sulfa- 
thiazole ointmen^ applied locally. On March 11 serum sickness became 

manifest Urticr erythema, sw'elling of the hands, pruritus and fever lasted for 
the next five da’ March 16 the lesion had a dry black eschar the size of a 

50 cent piece ar*-^ surrounded by an area of induration and bluish red dis- 
coloration of thr ®bin. The Ij'mph nodes were no longer palpable. The patient 
was sent home The ulcer ran an indolent course. The eschar separated slowd} 
and did not slor^h out until April 14. Anthrax bacilli were recovered from the 
lesion as late as ^P^'d 6. Secondary pyogenic infection occurred, and the ulcer 
did not heal unti* The patient returned to wmrk two days later. 

Although 29 ^ sulfathiazole was ingested and retained in three days 

and a good bloo^ level w'as secured, the patient failed to respond to it. Recover} 
ensued only affi’" intravenous injection of large doses (1,200 cc.) of anti- 
anthrax serum. 

p rg m W., a boy aged 3)4, w'as w'ell until May 14, 1942, wdien his mothei 

nnrirpH n email ‘ sore” on the inner surface of the left arm. On May 15 it became 

Examination of the upper portion of the left arm revealed a 
larger ana rea. . ^ Thprp w.ne neither 


50 cent piece ar*- 
coloration of th« 
was sent home, 
and did not slot® 
lesion as late as 


superficial browi 
erythema nor ec 
They were not 


ish ulceration of the skin the size of a dime. There was neithei 
ema. Four small lymph nodes were palpable in the left axilla, 
ender. The temperature at 9 p. m. w’as 99.4 F. Next morning 
nnd the rliannosis w'as confirmed bacteriologically. 


the lesion was tyP^^^^l ^"thrax, and the diagnosis 

The parents live'^ village near the mill, and the bo} pla}ed c . 
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road used by the mill trucks. Inspection of the ground revealed it to be contami- 
nated with particles of goat hair. It is also possible that the father, who was a 
carder and had had anthrax in 1935 (case 11), had infected the boy with his 
hands (his work clothes were changed daily in the mill). The mother did not 
work but had contracted anthrax in 1941 (case 40). Contamination of the house- 
hold goods with anthrax bacilli must also be considered as a possible source of 
infection. 

The child was admitted to the Chester Hospital on May 16 (weight, 30 lb. 
[14 Kg.]). He was given 1 Gm. of sulfathiazole, followed by 0.5 Gm. every four 
hours for four doses, then 0.25 Gm. every four hours. 

On May 17 the lesion had a black center and two large vesicles at the peripherj'. 
Clear serum oozed freely from them. There was a zone of erythema and slight 
edema around the ulcer. The adenopathy was unchanged. The temperature 
record is shown in figure 13. The urine was normal, and a blood count 
showed 4,180,000 red cells, a hemoglobin content of 12 Gm. per hundred cubic 
centimeters (75 per cent) and 11,100 white cells, of which 80 per cent were poly- 



Fig. 13 (case 59). — Anthrax of the arm in a boy aged 3j4. Treatment was 
with sulfathiazole. 

morphonuclear neutrophils, 2 per cent were eosinophils, 4 per cent were monocytes 
and 14 per cent were lymphocytes. 

On May 19, the general condition of the patient was excellent, the auxiliary 
nodes were smaller and the extent of the edema was unchanged. The blood level 
of sulfathiazole was 4.0 mg. per hundred cubic centimeters. On May 21 the 
lesion was flat and the size of a nickel. There was no adenopathy. Chemotherapy 
was stopped. The total intake of sulfathiazole was 8 Gm. in five days. On 
May 24, the center of the “pustule” was soft and the eschar had separated 
throughout the periphery. There was no edema. The patient was sent home. 
The eschar sloughed out on May 28, and the ulcer filled up with granulation tissue 
within two weeks. 

One patient was seen in consultation with Dr. S. J. Diamond, of Woodlyn, Pa., 
and 2 patients were treated for the first few days by Dr. P. de Furia, of Chester. 

Drs. de Furia and Sickel and the members of the Medical Research Division, 
Sharp and Dohme, contributed assistance. 


314 East Broad Street. 



POLYMYOSITIS 

REPORT OF A FATAL CASE 

DOUGLAS GOLDMAN, M.D. 

CINCINNATI 

Widespread inflammatory lesions of skeletal muscle are sufficiently 
rare to require special notice when they are encountered, particularly 
when the clinical aspect of the lesions has been entirely overlooked by 
a number of able clinicians. Inflammatory lesions of muscles are usually 
classified as (1) primary suppurative myositis, (2) dermatomyositis, 
(3) neuromyositis, (4) primary myositis fibrosa’- and (5) progressive 
myositis ossificans. In addition, the “lymphorrhages” of myasthenia 
gravis can be considered a form of muscle inflammation. The literature 
on these conditions consists of relatively few reports of cases except 
for instances of dermatomyositis, and the cases are classified by descrip- 
tive criteria which seem in some instances to be vague and confusing. 
Dermatomyositis has been studied and an adequate review of the 
literature presented by Wolf and Wilens ^ and Wheeler and Harbin.® 

REPORT OF CASE 

J. K., a Jewish optometrist aged 63 years, was first seen on Aug. 31, 1936. 
His original complaint was a cracking, vesiculated and and keratotic eruption on 
the hands and between the toes. This responded to application of a simple salicylic 
acid ointment. The patient was seen again December 25. He had noted that his 
hands and face had been puffy and swollen for about three or four weeks. He did 
not feel sick in any way, however. Physical examination at this time revealed 
early opacities of both lenses; heart size, rhythm and sounds within normal limits 
and blood pressure of 115 systolic and 75 diastolic. The previous cutaneous lesions 
were not noted, and the puffiness of which the patient complained was minimal. 

Laboratory examination of the blood yielded the following data: red cell 
count, 4,850,000; white cell count, 9,600, with 68 per cent neutrophils, 28 per 
cent lymphocytes, 2 per cent monocytes and 2 per cent eosinophils; hemoglobin 
content, 14.8 Gm. per hundred cubic centimeters; 100 mg. of sugar and 32 mg. 
of nonprotein nitrogen per hundred cubic centimeters, and negative Wassermann 
and Kahn reactions. The urine had a specific gravity of 1.025; was acid, and clear; 
gave negative reactions for albumin, sugar and acetone and a negative reaction for 

1. Steiner, W. R. : Myositis, in Christian, H. A. : Oxford Medicine, New York, 
Oxford University Press, 1938, vol. 4, p. 353. 

2. Wolf, A., and Wilens, S. L. : Dermatomyositis ; A Report of Two Cases 
with Complete Autopsy, Am. J. Path. 12:235, 1936. 

3. Wheeler, P. H., and Harbin, M. W. ; Dermatomyositis, Arch. Dermat. 

& Syph. 26:1039 (Dec.) 1932. 
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indican, and was not abnormal on microscopic examination. The impression at tins 
time was that the patient was worried about his condition, but no clearcut positive 
evidence of disease was obtained. 

The patient was not seen again until June 9, 1937. He had consulted a 
competent dermatologist in March but had not followed the treatment recommended. 
The dermatologic diagnosis was fungous infection of the feet, with possible 
contact dermatitis. A patch test with oil of turpentine yielded a positive reaction. 
On June 9 the patient returned complaining of continued or recurring swelling and 
dermatitis of the hands and face. He stated that at times he had a generalized 
eruption with more itching than eruption. Physical examination at this time 
revealed nothing essentially abnormal except the cutaneous changes. His weight 
was 152 pounds (69 Kg.). The patient was placed on an elimination diet and 
given ephedrine by mouth, with apparent definite relief. On June 15 the patient 
first complained of his right leg being stiff and painful. This was (in retrospect) 
the first symptom of muscular involvement. On examination the extremity was 



Fig. 1. — Electrocardiogram taken June 23, 1937. There is low voltage of the 
QRS complexes in all leads. The T wave in lead I is inverted, and the QRS 
complex in lead II is slightly slurred. The chest lead was made before the present 
standardization of chest leads was established, and the polarity is the reverse of 
the present lead IV F. 


essentially normal. The patient was given intravenous injections of calcium 
gluconate twice weekly for three weeks, with no relief. Examination on June 
23 showed swelling of fingers, a blood pressure of 103 systolic and 70 diastolic 
and a normal cardiac status. An electrocardiogram (fig. 1) showed low voltage in 
all leads and an inverted T wave in lead I. The blood contained 76 mg. of 
sugar per hundred cubic centimeters at 4 p. m. after a regular meal at noon. On 
June 27 the basal metabolic rate was — 4 per cent. One grain (0.06 Gm.) of 
thyroid was given daily for two weeks, chiefly because of the electrocardiographic 
changes in a nonobese person (5 feet 8 inches [173 cm.], 141 pounds [64 Kg.] 
at this time). No benefit accrued. Pains in the arms became troublesome in 
July, but physical therapy and drug treatment failed to bring relief. The patient 
disappeared from view until November 30. He consulted various physicians and 
Drs. L. Schiff and C. D. Aring have provided an interim report. The results of 
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physical examination did not change until October, when the patient had sudden 
generalized muscular weakness, with acute difficulty in swallowing and phonation. 
Esophagoscopic examination failed to reveal any obstruction of the air or food 
passages. The impression from a neurologic examination (C. D. A.) was that the 
patient had an at 3 rpical form of bulbar palsy. It was particularly noted that the 
characteristic fibrillary tremors of bulbar palsy were absent. The patient became 
dissatisfied Avith the local medical talent, since he felt himself getting worse. He 
consulted physicians at the Mayo Clinic, who after thorough investigation con- 
cluded also that the patient had an atypical bulbar palsy, noting also the absence of 
fibrillary twitchings. On laboratory examination the urine, blood and cerebro- 
spinal fluid were normal. AVhen the patient was seen on November 30, after an 
interval of about four months, the change in his appearance was striking. Marked 
wasting of muscles was evident, and weakness of the pharyngeal muscles was 
apparent in the nasal quality of his speech and frequent nasal regurgitation after 
swallowing. Vibratory sense was diminished at both ankles, and the patient noted 
an intermittent, mild diarrhea and a sore tongue. In retrospect, these nutritional 
changes were probably secondary to inability to swallow. At the time the 
diagnosis of bulbar palsy seemed unacceptable, and severe polyneuritis and 
myasthenia were considered as therapeutic possibilities. Large doses (large for 
the time, 10 mg., the largest available ampule) of thiamine hydrochloride were 
given intravenously once or twice daily, and liver extract concentrates Avere 
administered at irregular intervals. Vibratory sense returned slightly on the 
right side, and SAvalloAving improved somewhat, more from the patient’s learning to 
“get around” the Aveakness than from improvement in the muscles. Prostigmine 
bromide in doses of IS to 30 mg. three times a day Avas without effect over a 
period of five days. On Jan. 12, 1938 it Avas noted that the patient Avas having 
much more difficulty in speaking. Death occurred during the folloAving night. 

It Avas believed that an adequate clinical diagnosis had not been made, so 
permission for necropsy Avas obtained. 

Necropsy Report . — ^The body AA'as that of an extremely emaciated Avhite man 
of late middle age. It Avas 162 cm. long. 

The eyes, nose and mouth appeared normal. The tongue appeared fairly 
normal but someAvhat atrophic. The structures of the neck shoAved marked atrophy 
of skeletal muscle. The sternocleidomastoid Avas pale, a mere slender cord, both 
on the right and the left side. The trapezius was likewise atrophic. The muscles 
of the trunk shoAved similar pallor and atrophic change and in addition had a 
gelatinous consistency and appearance. The spinal musculature, particularly the 
psoas, shoAved marked involvement in similar change. The skin appeared every- 
Avhere clear. Panniculus adiposus Avas practically absent throughout. The ribs 
and the costal cartilages appeared normal. The thoracic organs in situ did not 
shoAv any change AA'orthy of note. There Avas slight thickening in some areas of 
epicardium to form so-called “milk spots.” Section of the lungs, both right and 
left, revealed no abnormality except slight congestion in both bases posteriorly. 
The bronchial tubes and the pulmonary vascular tree appeared normal. 

The chambers of the heart had a normal appearance. There Avas slight 
sclerotic change evident in the mitral and the aortic valve leaflets, but quite 
insufficient to produce any functional change. The myocardium Avas slightly pale 
but not otherwise abnormal. The coronary vascular system shoAved a fcAv sclerotic 
patches, but there Avas no tendency to ulceration or occlusion of the vessels. 

The abdominal organs in situ appeared normal. The gastroenteric tract Avas 
traced from the pharynx to the anus. No abnormality AA'as found. The liver AV'as 



Fig. 2. — Sections from the psoas muscle, showing fragmentation of muscle fibers ; 
hyalinization, and degeneration of fibers, with loss of striations, increase in muscle 
nuclei and marked infiltration with lymphocytes, monocytes and polymorphonuclear 
cells. A, X 113. B, X 450. 
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Fig. 3. — A, section from a sternomastoid muscle, X 450. B, a section of heart 
muscle, showing arteriolosclerosis with secondary myocardial fibrosis. 
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of normal size. The contents and lining of the gallbladder appeared normal. On 
cut section the liver was not abnormal. The pancreas appeared relatively normal. 
The spleen was somewhat small and somewhat more fibrotic than average. The 
kidneys were of average size. The capsules stripped fairly readily but left a 
moderately finely lobulated surface. On cut section the kidneys were not grossly 
abnormal. The ureters and renal pelvises did not show any apparent change. The 
bladder and the prostate appeared normal. 

The thyroid gland was apparently normal. The thymus was not found. No 
enlargement of the lymph nodes in any portion of the body could be determined. 

The skull appeared normal. The component bones were somewhat softer 
than average. The brain showed normal configuration of both hemispheres. There 
was slight congestion evident over the cortex. A coronal section of the brain 
did not reveal any abnormality, and one section into the medulla at the level 
of the olivary nucleus failed to reveal gross damage. The membranes covering 
the brain appeared normal, and the mastoid cells when opened from the inside 
were not abnormal. 

Anatomic Diagnoses: The anatomic diagnoses included gelatinous degenera- 
tion of skeletal muscle, probably representing generalized polymyositis; mild 
generalized arteriosclerosis, and extreme malnutrition. 

Microscopic Examination : The most marked change evident was in the 
skeletal muscles. Muscle fibers from all regions of the body from which sections 
were obtained showed a marked hyaline, degenerative process, with marked infil- 
tration of lymphocytes, monocytes and polymorphonuclear cells (figs. 2 and 3). 

In addition, there was generalized arteriolar thickening involving practically 
every organ (figs. 2 and 3). Pulmonary congestion was the only other evident 
change. 

Report of the Laboratory of Neuropathology (C. D. A.) ; The neuropathologic 
diagnosis was “chronic cell change” in the medulla and the cerebral cortex. On 
the basis of clinical data this condition belongs under that broad heading of the 
bulbar palsies. A detailed description of neuropathologic observations may be the 
subject of a separate full report. 

COMMENT 

Of chief interest are the clinical course, the laboratory data and the 
necropsy report. No diagnosis worthy of the name was made during 
life, in spite of much consultation. Even when the muscles of respiration 
and deglutition were involved in the last stages of illness, diagnostic 
effort was directed to the nervous S3'^stem rather than toward skeletal 
muscle. A long-drawn-out course with insidious onset, protean symp- 
toms and generally equivocal and negative findings, should henceforth 
immediately direct attention to such diseases as periarteritis nodosa, 
dermatomyositis and fibrositis. One or more biopsies of skin and muscle 
should establish a diagnosis. In self-critical retrospect this was the chief 
omission in the management of the case. It is believed that the early 
cutaneous lesions should place this condition in the dermatomyositis 
group in spite of the relatively normal appearance of the skin in the 
late stages of the disease. Unfortunately, when the patient was first 
seen, the involvement of skeletal muscle was minimal, and later, when 
the myositis was devastatingly active, cutaneous manifestations were 
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minimal. Unfortunately also, the physicians who first saw the cuta- 
neous manifestations did not again see the patient until the terminal stages 
of the disease, and those who saw the relatively acute early muscle 
symptoms hardly realized that any dermatologic manifestations had pre- 
ceded them. It is only in retrospect that the clinical picture can be 
adequately synthesized. It is interesting to refer to a case of a somewhat 
similar condition reported by Hendry and Anderson,^ in which cutaneous 
changes antedated involvement of muscle. 

The outstanding pathologic feature of the case is the intensity and 
the extent of involvement of skeletal muscle (figs. 2 and 3). Special 
stains of material from the lesions failed to reveal any possible etiologic 
organisms. Special cultures were not made at the necropsy, since the 
microscopic observations were unexpected. 

The neuropathologic changes are best interpreted as being secondary 
to the muscle degeneration — the reverse of a more common relation. 

The neurologic clinical manifestations served only to confuse the 
issue and distort the interpretation of the changes in the skeletal muscles 
which were probably primary. The changes in the brain stem observed 
by Dr. Aring were to be expected with such extensive damage to the 
motor apparatus. 

The absence of change in the heart muscle except from arterio- 
sclerosis and arteriolosclerosis may be of differential importance. The 
intensity of the changes in the skeletal muscles calls for emphasis. 
Changes of this order had never been encountered previously by several 
experienced patholo^sts, who felt that myasthenia gravis and dermato- 
myositis usually showed much less devastating muscle change. The fact 
that widespread anatomic change was present with little or no abnor- 
mality in the results of routine laboratory examination again emphasizes 
the importance of clinical acumen and experience. 

630 Vine Street. 


4. Hendry, A. W., and Anderson, T. E.: Dermatomyositis, Lancet 1:80, 1939. 



SODIUM ^/-LACTATE TOLERANCE AS A TEST 
OF HEPATIC FUNCTION 


CLARENCE COHN, M.D.* 

KEW YORK 

After studies on normal persons ^ and on patients with acute diffuse 
hepatic parenchymal injury “ it was proposed that the utilization of 
intravenously injected sodium c? -lactate be employed as a test of hepatic 
function.^ The test was used in differential diagnosis of jaundice due 
to extrahepatic biliaiy obstruction and jaundice due to hepatic paren- 
chymal damage. When compared to other tests of hepatic function 
the sodium rf-lactate tolerance test proved to be most helpful in 
differentiating the two types of jaundice.^ 

The present paper deals with further studies on the use of intra- 
venously injected sodium d-Iactate as a differential diagnostic test 
between obstructive and nonobstructive jaundice. 

As previously indicated, the test is physiologically dependent on 
the ability of normally functioning hepatic cells to convert blood 
d-lactate into glycogen. The dextrorotatory form of lactic acid is the 
physiologically occurring isomer which is encountered as an inter- 
mediary in the carbohydrate cycle involving muscle and liver, Meyerhof 
and Lohmann ® showed that isolated rat hepatic tissue was capable of 
synthesizing carbohydrate from dextrorotatory lactic acid but could do 
so to only a slight extent from levorotatory lactic acid. Cori and Cori,® 

* Eugene Meyer Jr. Fellow. 

From the Laboratories of Mount Sinai Hospital. 

1. Soffer, L. J. ; Dantes, D. A.; Newburger, R., and Sobotka, H. : Metabolism 
of Sodium cf-Lactate: 1. Utilization of Intravenously Injected Sodium d-Lactate 
by Normal Persons, Arch. Int. Med. 60:876 (Nov.) 1937. 

2. Soffer, L. J. ; Dantes, D. A. ; Newburger, R., and Sobotka, H. : Metabolism 
of Sodium d-Lactate: II. Utilization of Intravenously Injected Sodium d-Lactate 
by Patients with Acute Diffuse Parenchymal Injury of the Liver, Arch. Int. Med. 
60:882 (Nov.) 1937. 

3. Soffer, L. J. ; Dantes, D. A., and Sobotka, H. : (a) Sodium d-Lactate 

Blood Clearance as a Test of Liver Function, Proc. Soc. Exper. Biol. & Med. 
36:692, 1937; (&) Utilization of Intravenously Injected Sodium d-Lactate as a 
Test of Hepatic Function, Arch. Int. Med. 62:918 (Dec.) 1938. 

4. Soffer, Dantes, Newburger and Sobotka (footnotes 1 and 2). 

5. Meyerhof, O., and Lohmann, K.: Ueber den Unterschied von d- und 
/-Milchsaure fiir Atmung und Kohlehydratsynthese im Organismus Biochem 
Ztschr. 171:421, 1926. 

6. Cori, C. F., and Cori, G. T.: Glycogen Formation in the Liver from d- and 
/-Lactic Acid, J. Biol. Chem. 81:389, 1929. 
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after injecting 95 mg. per hundred grams of body weight per hour of 
d-lactic acid into rats, demonstrated that there did not occur any 
appreciable increase in the lactic acid content of the blood or the urine. 
From 40 to 95 per cent of parenterally or orally administered d-lactic 
acid was found to be retained in the liver as glycogen ; none was excreted 
in the urine. When these authors gave sodium Z-lactate in the same dose, 
however, hardly any glycogen was formed in the liver and 30 per cent 
was excreted in the urine. Himwich, Koskoff and Nahum,^ working 
on decerebrate dogs, found the muscles to be the main site of lactic 
acid formation. The liver was concerned with the removal of lactate 
from the blood and its probable conversion into glycogen. Cori and 
Cori ® found that in normal rats injections of epinephrine caused a 
disappearance of muscle glycogen and formation of liver glycogen from 
the blood lactic acid. 

METHOD 

With a patient at rest in bed and having fasted for at least twelve hours, 75 mg. 
per kilogram of body weight of sodium ddactate as a 12 to 14 per cent solution 
was injected intravenously. A control sample of blood was taken before the injec- 
tion and another specimen thirty minutes after the injection.^ The specimens were 
collected with sodium fluoride as the anticoagulant. Lactic acid determinations in 
duplicate were made by the method of Friedemann and his colleagues.® No 
untoward reactions were observed after the injection of sodium rf-lactate. 


RESULTS 

The results obtained with the sodium d-lactate tolerance test on 63 
patients with jaundice are presented. Some of these were previously 
reported.® 

With the dose employed, normally functioning hepatic parenchymal 
cells are capable of removing all or almost all of the injected lactate 
within thirty minutes.® The retention of 5 mg. per hundred cubic 
centimeters or more of the injected lactate above the control level after 
a half hour is regarded as indicating hepatocellular injury. 

In table 1 are recorded data on 36 patients with jaundice resulting 
from acute diffuse hepatic parenchymal injury. Thirty-four of the 
36 patients retained 5 mg. per hundred cubic centimeters or more of the 

7. Himwich, H. E. ; Koskoff, Y. D., and Nahum, L. H. : Changes in Lactic 
Acid and Glucose in the Blood on Passage Thru Organs, Proc. Soc. Exper. Biol. 
& Med. 25:347, 1928. 

8. Cori, C. F., and Cori, G. T. : Mechanism of Epinephrine Action : Influence 
of Carbohydrate Metabolism of Fasting Rats, with Note on New Formation of 
Carbohydrates, J. Biol. Chem. 79:309, 1928. 

9. Friedemann, T. E. ; Cotonio, M., and Shaffer, P. A. : Determination of 
Acetic Acid, J. Biol. Chem. 73:335, 1927. Friedemann, T. E., and Kendall, A. I.: 
Determination of Lactic Acid, ibid. 82:23, 1929. 
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intravenously injected sodium d-lactate. The results obtained on 24 
patients with extrahepatic biliaiy obstruction are presented in table 2. 
The diagnosis was confirmed either by operation or by postmortem 
examination in all instances. Only 4 of the 24 patients showed an 

Table 1. — Results of Hepatic Function Tests on Thirty-Six Patients with 
Jaundice Due to Diffuse Hepatic Parenchymal Injury 


Urinary 

Excretion 

Blood of Hlppurlc Urinary 

Lactic Acid Batlo Acid (Sodium Excretion Urinary 
Retention of Total Benzoate of Excretion 
After30Mln., to Esterifled Test), Galactose, ofUrobl- 
Palient Mg./lOO Cc. Cholesterol Gm. intlfr. Gm. InBHr. llnogen Diagnosis 


1 

10.8 

300/115 

0.00 

4.33 

... 

Catarrhal iaundlcc 

2 

9.4 

220/45 

2.05 

8.8S 

• • . 

Catarrhal jaundice 

3 

9.9 

325/87 

0.95 

1.85 

... 

Catarrhal jaundice 

4 

6.0 

290/95 

1.02 

2.0S 

• . . 

Catarrhal jaundice 

3 

0.0 

200/120 

1.18 

1.60 

. . . 

Catarrhal jaundice 

c 

OS 

190/30 

4.05 

0.00 

. . • 

Catarrhal jaundice 

7 

20.1 

180/55 

0.53 

5.50 

• • • 

Catarrhal jaundice 

s 

12.2 

2S0/1S0 

2.00 

2.40 

. . . 

Catarrhal jaundice 

9 

0.3 

210/35 

0.90 

5.40 

... 

Catarrhal jaundice 

10 

8.3 

125/trncc 

0.99 

5.50 

. . 

Catarrhal jaundice 

11 

10.0 

105/05 

1.42 

0.10 

... 

Catarrhal jaundice 

12 

17.0 

210/33 

3.10 

2.73 

. . 

Catarrhal jaundice 

13 

9.5 

250/80 

• • •• 

2.65 

1:40 

Catarrhal jaundice 

14 

7.2 


1.10 

9.80 

l:10 

Catarrhal jaundice 

15 

4.3 

470/230 

0.70 

0.03 

ItlCO 

Saline jaundice 

10 

10.4 

575/270 

2.30 

.... 

1:10 

Catarrhal jaundice 

17 

0.2 

440/115 

2.40 

5.84 

• . 

Catarrhal jaundice 

IS 

10.8 

200/55 

• ♦ • ♦ 

.... 

1:100 

Catarrhal jaundice 

19 

8.8 

170/trncc 

0.20 

500 

1:20 

Catarrhal jaundice 

20 

5.4 


. * •• 

.... 

• • • 

Catarrhal jaundice 

21 

7.5 

250/90 

1.50 

9.49 

1:320 

Arsphenamlne jaundice 

22 

7.2 

400/110 

1.22 

8.11 

l:i60 

Arsphenamine jaundice 

23 

9.7 

225/57 

2.34 

1.50 

l:i00 

Arsphenamlne jaundice 

24 

8.8 

200/53 

.... 

.... 

1:100 

Arsphenamlne jaundice 

25 

8.4 

200/90 

1.79 

4.40 

1:40 

Arsphenamlne jaundice 

20 

0.7 

175/45 

2.20 

3.90 

1:100 

Arsphenamlne jaundice 

27 

0.0 

310/110 

0.60 

8.70 

1:100 

Arsphenamlne jaundice 

28 

3.0 

280/40 

. . *. 

5.80 

1:40 

Catarrhal jaundice 

29 

8.0 

170/70 

— 

2.02 

1:010 

Cirrhosis and catarrhal 
jaundice 

30 

7.5 

250/110 

.... 

8.50 

1:80 

Catarrhal jaundice 

31 

7.0 

405/190 

.... 

5.30 

1:10 

Catarrhal jaundice 

32 

0.8 

595/200 

.... 

5.30 

1:4 

Catarrhal jaundice 

33 

13.0 

...... 

. . .. 

8.30 

1:10 

Catarrhal jaundice 

34 

5.4 

550/210 

• . .. 

«... 

1:4 

Catarrhal jaundice 

35 

20.0 

490/145 

— 

1.30 

l:i00 

Cirrhosis and catarrhal 
jaundice 

30 

10.0 

240/05 

.... 

10.1 

1:4 

Catarrhal jaundice 


abnormal retention of sodium d-lactate. Three of these patients, how- 
ever, were shown by biopsy at operation or by autopsy to have either 
severe cholangeitis with associated hepatocellular damage (patients 5 
and 20) or metastatic lesions and an abscess in the liver (patient 24). 

A comparison of the results obtained with the sodium rf-lactate 
tolerance test and other tests of hepatic function is shown in table 4, 
The ratio of total to esterified cholesterol, the utilization of orally 
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administered sodium benzoate, galactose tolerance and the urinary 
excretion of urobilinogen were determined simultaneously.^® The 
sodium d-lactate tolerance test and the sodium benzoate test yielded 
positive results in the greatest number of patients with acute diffuse 
hepatic parenchymal injury. The ratio of total to esterified cholesterol 
indicated hepatocellular injury in two thirds of the patients, while the 

Table 2. — Results of Hepatic Function Tests on Twenty-Four Patients with 
laundice Due to Extrahepatic Biliary Obstruction 



Blood 
Lactic Acid 
Retention 
After 

30 Min., 

Ratio of 
Total to 
Esterified 

Urinary 
Excretion 
of Hip- 
puric Acid 
(Sodium 
Benzoate 
Test), Gm. 

Urinary 
Excretion 
of Galac- 
tose, Gm. 

Urinary 

Excretion 

of 


atient Mg./lOOCc. 

Cholesterol 

in 4 Hr. 

in 5 Hr. 

Urobilinogen 

Diagnosis 

1 

« .. 

830/470 

3.37 

3.60 

... 

Cancer of head of pancreas 

2 

... 

425/150 

0.80 

• • •• 

. . • 

Stone of common duct 

3 

... 

415/220 

1.50 

1.08 

. .. 

Cancer of head of pancreas 

i 

... 

430/110 

3.15 


1:5 

Stone of common duct 

5 

9.7 

225/57 

2.35 

1.50 

1:160 

Cancer of head of pancreas 

6 

4.0 

270/78 

• ••* 

0.90 

• ( • 

Stone of common duct 

7 

4.8 

385/170 

0.82 

1.80 

1:40 

Cancer of gallbladder and 
ducts 

8 

1.0 

580/227 

Positive 

3.30 

1:5 

Cancer of head of pancreas 

9 

3.6 

356/170 

• • •• 

0.96 

1:10 

Stone of common duct 

10 

3.3 

155/36 

• • •• 

.... 1:4: 1:640; 1:2 

Stone of common duct 

11 

1.0 

275/200 

1.90 

0.40 

1:20 

Stone of common duct 

12 

0.7 

355/165 

2.06 

0.27 

l:i0 

Cancer of gallbladder and 
ducts 

13 

1.4 

440/250 

8.79 

0.69 

1:80 

Stone of common duct 

U 

1.0 

430/115 

.... 

2.10 

l:10 

Cancer of ampulla of 
Vater 

15 

• •• 

285/160 

2.00 

2.10 

• • • 

Stone of common duct 

16 

1.2 

520/355 

1.50 

.... 

1:10 

Cancer of ampulla of 
Vater 

17 

4.8 

215/130 

. • •• 

3.90 

1:80 

Stone of common duct 

18 

... 

345/125 

.... 

1.00 

1:2 

Obstructive jaundice due to 
metastatic cancer of liver 

19 

3.0 


• • •• 

• . .. 

1:40 

Stone of common duct 

20 

10.2 

170/60 

0.75 

• • •• 

1:20 

Stone of common duct 
■with cholangeitis and 
perforated gallbladder 

21 

... 

345/125 

.... 

1.00 

1:2 

Metastatic cancer of liver 
■with obstruction 

22 

5.9 

270/85 

1.26 

1.40 

1:10 

Cancer of head of pancreas 

23 

1.8 

290/105 


1.92 

1:10 

Cancer of head of pancreas 

24 

10.0 

180/35 

• • •• 

7.41 

1:4 

Cancer of head of pancreas 
■with metastases and 
abscess in liver 


galactose tolerance test yielded a positive result in a little over half of 
them. However, in the patients with extrahepatic biliary obstruction, 

10. The following values for tests employed were accepted as evidence of hepato- 
cellular injury: for the sodium benzoate test, a urinary excretion of less than 
3 Gm. of hippuric acid during a four hour period ; for the galactose tolerance test, a 
urinary excretion of 3 Gm. or more of galactose during a five hour period ; for 
the urinary urobilinogen dilution test, a urinary excretion of urobilinogen in a 
dilution of 1:20 or higher, and for the ratio of total cholesterol to esterified 
cholesterol, a value of 40 per cent or less. 
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for 20 of 24 of whom the sodium {/-lactate test yielded negative results, 
the sodium benzoate test gave a positive, apd hence misleading, result 
in 11 of 14 instances in that it suggested diffuse hepatic injury. 

The galactose tolerance test for 20 of 24 patients and the ratio of 
total cholesterol to cholesterol ester for 18 of 24 patients with extra- 
hepatic biliar}'- obstruction yielded results consistent with the diagnosis. 

Table 3. — Results of Hepatic Function Tests Suggestive of Obstructive Jaundice 
in Three Patients zvith Clinical Courses Suggestive of Hepatitis 


Lactic Excretion of 

Acid Eatio of Hippuric 



Retention 

After 

30 Min., 
Mg./ 

Total 

Cholesterol 

to 

Cholesterol 

Acid 

(Sodium 

Benzoate 

Test), 

Excretion 

of 

Galactose, 

Excretion 

of 

UrobI- 


Patient 100 Cc. 

Ester 

Gm,in4Hr. 

Gm.inBHr. 

llnogen 

Diagnosis 

1 

1.0 

400/170 

.... 

1.81 

1:10 

Hepatitis with intrahepatic 
biliary obstruction 

O 

2.0 

300/170 

— 

2.84 

.... 

Hepatitis with intrahepatic 
biliary obstruction 

S 

5.0 

433/225 

.... 

2.33 

1:4 

Hepatitis with intrahepatic 
biliary obstruction 


Table 4. — Comparison of Results Obtained zvith Hepatic Function Tests 


Extrahcpatic Biliary 
Hepatitis Obstruction 

I > I * 1 

Total Ecsult of Test Total Result of Test 

No. of , *- , No. of , > 

Patients Positive Negative Patients Positive Negative 


Sodium d-lactato test 30 

Ratio of total cholesterol ester 33 

Galactose tolerance test 33 

Sodium benzoate test 23 

Urobilinogen test 22 


Sodium d-lactate test 

Ratio of total cholesterol to cholesterol ester 

Galactose tolerance test 

Sodium benzoate test 

Urobilinogen test 


34 

2 

24 

4 20 

22 

11 

24 

0 18 

20 

16 

24 

4 20 

21 

2 

14 

11 3 

16 

7 

21 

8 13 


Total 


Number of Patients 


No. of 


for Whom Correct 


Patients 


Diagnosis Indicated 


00 


64 


57 


40 


69 


40 


37 


24 


43 


28 


It should be noted that of 3 patients with obstruction in whom the 
sodium {/-lactate tolerance test indicated hepatocellular injury, subse- 
quently proved by operation or necropsy, positive results were obtained 
on 2 with the sodium benzoate test, on 1 with the galactose tolerance 
test and on 3 with the ratio of total cholesterol to cholesterol ester. 

Not included in table 4 are the results obtained on 3 patients under 
rather unusual circumstances. All hepatic function tests, including 
repetitions, on the patients yielded results consistent with a form of 
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obstructive jaundice. Their clinical course, however, suggested that 
of hepatitis. It is likely thgt all of these patients had intrahepatic biliaiy 
obstruction of the types described by Naunyn,^^ Sieginund^- and 
Klemperer.^^ 

COMMENT 

An ideal hepatic function test should be capable of differentiating 
between jaundice due to diffuse hepatic parenchymal injury and 
jaundice due to extrahepatic biliary obstruction. The test would be 
intermediate in its sensitivity, i. e., able to^ indicate primary diffuse 
hepatocellular injury but insensitive to the secondary damage occurring 
with extrahepatic obstruction. Of the tests compared here, in my hands 
the sodium (/-lactate tolerance test most closely approximates such a 
test. Because of the expense of the sodium (/-lactate test it was deemed 
impractical to study its ability to indicate the progression or regression 
of hepatic parenchymal injury. In this respect, the remarks by Epstein 
and Greenspan about the value of total cholesterol and cholesterol 
ester determination should be borne in mind. These authors stated that 
it is necessary to perform serial determinations of total and of esterified 
cholesterol in evaluating the state of hepatic function. They felt that 
a single determination might lead to erroneous conclusions. Our results 
tend to confirm their opinion. None of the tests employed was capable 
of indicating intrahepatic obstruction. The results obtained with the 
hepatic function tests on these patients were similar to those obtained 
on patients with extrahepatic biliary obstruction. 

I have not employed the sodium (/-lactate tolerance test for 
estimating hepatic function in the absence of jaundice, since satisfactory 
tests for this purpose already exist. 

CONCLUSIONS 

The results obtained with the utilization of intravenously injected 
sodium (/-lactate as a test of hepatic function are described. 

Thirty-four of 36 patients with jaundice due to diffuse hepatic 
parenchymal injury showed an abnormal retention of injected lactate. 

In 4 of 24 patients with jaundice due to extrahepatic biliary 
obstruction there was an abnormal retention of injected lactate. Biopsy 

11. Naunyn, B. : Ueber Ikterus und seine Beziehungen zu den Cholangien, 
Mitt. a. d. Grenzgeb. d. Med. u. Chir. 31:537, 1919. 

12. Siegmund, H. : Selbstandige intrahepatische Cholangitis, Beitr. z. path. 
Anat. u. z. allg. Path. 87:425, 1931. 

13. Klemperer, P. : Pathology of Icterus, New York State J. Med. 33:1309, 
1933. 

14. Epstein, E. Z., and Greenspan, E. : Clinical Significance of the Cholesterol 
Partition of the Plasma in Hepatic and in Biliary Diseases, Arch. Int. Med. 58. 
860 (Nov.) 1936. 
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at operation or necropsy showed considerable associated injury to the 
hepatic cells in 3 of these 4 patients. 

Comparative studies were made on the basis of the sodium benzoate 
test, the galactose tolerance test, the ratio of total to esterified cholesterol 
and the urinary urobilinogen dilution test. 

In comparing the results obtained with the sodium rf-lactate tolerance 
test and other tests of hepatic function, the lactate test 3delded a greater 
incidence of correct results in the differential diagnosis of jaundice due 
to acute diffuse hepatic parenchymal injuiy and that due to extrahepatic 
biliary obstruction. 

Drs. George Baelir and Eli Mosclicowitz permitted me to use the patients 
in their medical services as subjects in this study. 

Chemistry Laboratory, Mount Sinai Hospital. 



Progress in Internal Medicine 


SYPHILIS 

A REVIEW OF THE RECENT LITERATURE 

FRANK W. REYNOLDS, M.D. 

CHARLES F. MOHR, M.D. 

AND 

JOSEPH EARLE MOORE, AI.D. 

BALTIMORE 

The material for this article has been selected mainly from publi- 
cations which have appeared from November 1941 to July 1942. As 
in previous reviews,^ it has been necessary rigidly to select material. 
Because of the scarcity of journals from Europe there is a striking 
decrease in the number of foreign articles reviewed. The extensive- 
ness of the literature on massive dose arsenotherapy necessitates its 
condensation into tabular form. 

HISTORY OF SYPHILIS 

A brief history of syphilis is outlined by Kilduffe." Arguments for 
and against the origin of the disease in the New World are discussed 
dispassionately, and its dissemination throughout Europe in the fifteenth 
century is described in graphic style. Interesting side lights and anec- 
dotes make this article a readable summary, although the more recent 
control procedures designed to make syphilis “the next great plague 
to go” appear to have been slighted. 

From the Syphilis Division of the Medical Clinic, the Johns Hopkins University 
and Hospital. 

1. (a) Moore, J. E. ; Syphilis ; A Review of the Recent Literature, Arch. Int. 

Med. 56:1015 (Nov.) 1935. (b) Padget, P., and Moore, J. E. : Syphilis; A Review 
of the Recent Literature, ibid. 58:901 (Nov.) 1936; (c) 60:887 (Nov.) 1937. 
(d) Padget, P. ; Sullivan, M., and Moore, J, E. : Syphilis : A Review of the Recent 
Literature, ibid. 62:1029 (Dec.) 1938. (e) Moore, J. E., and Mohr, C. F. : 

Syphilis: A Review of the Recent Literature, ibid. 64:1053 (Nov.) 1939. (/) 

Mohr, C. F. ; Padget, P., and Moore, J. E. ; Syphilis : A Review of the Recent 
Literature, ibid. 66:1112 (Nov.) 1940. (g) Mohr, C. F. ; Padget, P. ; Hahn, R., 
and Moore, J. E. ; Syphilis: A Review of the Recent Literature, ibid. 69:470 
(March) 1942. 

2. Kilduffe, R. A.: The Next Great Plague to Go, Mil. Surgeon 90:374 
(April) 1942. 


836 



REYNOLDS ET AL.— SYPHILIS 


837 


In his excellent biography of Columbus Morison ^ contributes the 
following note on the origin of syphilis: 

No problem on Columbus’s voyages has been so widely discussed as the question 
whether he did or did not import the syphilitic spirillum from America to Europe. 
Evidence that syphilis existed in a mild endemic form among the American Indians 
before 1492 is abundant. No certain evidence of syphilis in Europe exists before 
1494, altliough certain medical historians assert the contrary. In any case, the 
disease appeared in a most virulent form in Italy in 1494, and spread rapidly. 
By 1520 it was generally believed in Europe that syphilis came from America, 
because a reputed cure for it, the guaiacum or lignum vitae, had been discovered 
there (doctrine of specifics). In view of the excellent health aboard homecoming 
Niiia in 1493, and the absence of evidence to the contrary on Piiita, it seems highly 
improbable that Columbus’s crews had then contracted the disease. But Las Casas 
states positively that the Indians gave it to the Spaniards, Oviedo definitely assigns 
the European importation to the Second Voyage, and Ruy Diaz de Isla, a Spanish 
physician whose book on syphilis appeared in 1539, assigns it to the First Voyage. 
He asserts that the disease was first observed at Barcelona in 1493, and that he 
treated some of the victims. 

Two hypotheses are tenable. (1) Syphilis existed in both America and Europe 
in endemic form, and was stirred up by like events on both sides of the Atlantic, 
simultaneously: (a) the invasion of Italy by the French army under Charles VIII 
in 1494-1495, (b) the Spaniards roving and raping all over Hispaniola in 1494-1496. 
(2) The spirillum was brought to Europe in the blood stream of Columbus’s captive 
Indians in 1493, and by them transmitted to public women in Barcelona, whence 
it crossed the Pyrenees and tlie Mediterranean. 

The subject is discussed at length in the two-volume edition of this work, II 
193-218. 

The work of the pioneers in the study of cardiovascular syphilis is 
reviewed by Maynard.'* Pare was the first to recognize that there was 
some connection between syphilis and aneurysm, although be believed 
treatment to be the cause. The first recorded statement that syphilis 
is the cause of aneuiwsm is attributed to Lancisii (1740). The first 
careful description of the pathologic anatomy of aortitis and aneurysm 
by Morgagni; the clinical observations of Corrigan on aortic regurgi- 
tation and of Ricord on syphilitic lesions of the myocardium; the 
description of syphilitic aortitis by Dohle, who recognized this to be 
the basic lesion on which aneurysm develops, and the demonstration 
by Reuter of Spirochaeta pallida in the aortic wall are all discussed 
directly from original source material. 

Of interest is Gaumond’s ^ history of syphilis among French- 
Canadians. Syphilis apparently reached Canada between 1776 and 

3. Morison, S. E. : Admiral of the Ocean Sea: A Life of Christopher 
Columbus, Boston, Little, Brown & Company, 1942, p. 359. 

4. Maynard, E. P.: Pioneers In Cardiovascular Syphilis, J. Mt. Sinai Hosp 
8:841 (Jan.-Feb.) 1942. 

5. Gaumond, F. ; La syphilis au Canada Franqais hier et aujourd’hui Laval 
med. 7:25 (Jan.) 1942. 
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1780, where it was first designated “the disease of the Bay of Saint 
Paul,” because of its frequency in that region; later it became known 
as le mal d'e chicot, le iml des ehoideinents and Ottawa disease. The 
first mention of the disease appears in the account of Cartier’s second 
voyage. The bulk of evidence supports the view that syphilis did not 
exist, as an epidemic disease at least, among the Indians of Canada 
before the advent of the white man. Gaumond traces the evolution of 
syphilis in this area from the time of Cartier to the present day. 

A readable account of the many superstitions connected with 
venereal diseases is given by Rolleston.® Weird and remarkable methods 
for the prophylaxis and the cure of syphilis are discussed and odd 
customs and traditions of primitive and exotic races are noted. Of 
special interest is the folklore concerned with the causation and the 
transfer of syphilis. 

SPIROCHAETA PALLIDA 

Using the electron microscope, Morton and Anderson ' have studied 
unstained preparations of the Nichols strain of S. pallida. Thus tre- 
mendously magnified the organisms frequently were surrounded by a 
sheath, which occasionally formed thin tendrils projecting from the 
organisms. Granules, lateral buds and constrictions were observed. 

Callaway and Sharp ® have demonstrated that S. pallida will live 
for as long as twenty-seven hours in the developing chick embryo and 
that in some cases the organisms may retain their virulence for that 
length of time. It was not possible to determine whether there had 
been actual multiplication of the organism in this medium or whether 
the positive animal transfers represented merely survival of the initial 
inoculum. 

In the cultivation and isolation of mouth spirochetes Wichelhausen ® 
uses beef heart infusion broth containing cysteine hydrochloride and 
ascitic fluid. Purification of the cultures was done_ by centrifugation, 
filtration and groAvth on solid mediums anaerobically. Studies of the 
ability of various mouth spirochetes to attack carbohydrates and pro- 
teins were of no value, for none of the strains showed proteol)d;ic or 
saccharolytic activity. 

6. Rolleston, J. D. : The Folk Lore of Venereal Disease, Brit. J. Ven. Dis. 
18:1 CJan.-April) 1942. 

7. Morton, H. E., and Anderson, T. F. : Observations on the Morphology of 
Leptospira and the Nichols’ Strain of Treponema Pallidum with the Aid of the 
RCA Electron Microscope, J. Bact. 43:64 (Jan.) 1942. 

8. Callaway, J. L., and Sharp, J. : Cultivation of Spirochaeta Pallida on the 
Chorio-Allantoic Membrane of the Developing Hen Egg, J. Lab. & Clin. Med. 27: 
232 (Nov.) 1941. 

9. Wichelhausen, R. H. : Cultivation and Isolation of Mouth Spirochetes, 
J. Bact. 43:65 (Jan.) 1942. 
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Kolmer indicates that fresh citrated human blood heavily seeded 
with virulent S. pallida may undergo spontaneous sterilization in about 
seventy-two hours when kept at 4 to 6 C. 

Accidental Inoculation . — Shaw summarizes the opinions of a 
group of outstanding syphilologists regarding the procedure to be 
followed in case of accidental inoculation with S. pallida. Approxi- 
mately half of the group stated that local application of mild mercurous 
chloride ointment together with watchful waiting was the procedure of 
choice, whereas the other half recommended prophylactic injections 
of arsenicals and compounds containing heavy metals. In a collective 
experience of twent 3 ^-five such accidents syphilis did not develop in a 
single instance, regardless of whether local or parenteral therapy was 
used. Shaw himself recommends that injections of arsphenamine and 
a compound containing bismuth be withheld until a positive diagnosis 
can be established and that free bleeding and the local application of 
33 per cent mild mercurous chloride ointment be employed at the 
time of the accident. The observation period, during which frequent 
serologic tests for syphilis are made, should be prolonged to at least 
ninety da 3 ’s, 

EXPERIMENTAL SYPHILIS 

Immunity to Syphilitic Injection . — Worms reviews some of the 
factors affecting the development of immunity in experimental syphilis 
in rabbits, discussing (1) the interval between the first and the second 
inoculation, (2) the virulence and the size of the inoculum used in 
each inoculation, (3) the methods and the sites of the first and super- 
inoculations and (4) the reaction of the rabbit to the first inoculation. 
Previously unpublished experiments lead Worms to conclude that 
under certain conditions there develops in untreated rabbits with latent 
syphilis a panimmunity to heterologous strains of spirochetes sufficient 
to suppress manifest lesions at the site of superinoculations. 

Stratton was interested in determining whether extracts prepared 
from apparently spirochete-free infectious animal tissues, unlike extracts 
prepared from tissues rich in organisms and unlike cultures grown on 
artificial mediums, would immunize rabbits to syphilitic infection or 

10. Kolmer, J. A.; A Note on the Survival of Treponema Pallidum in Pre- 
served Citrated Human Blood and Plasma, Am. J. Syph., Conor. & Ven. Dis. 
26:156 (March) 1942. 

11. Shaw, C. : Accidental Inoculation with Spirochaeta Pallida, Arch. Dermat 
& Syph. 44:878 (Nov.) 1941. 

12. Worms, W.: Some Factors Affecting the Development of Immunity in 
Experimental Syphilis, Brit. J. Ven. Dis. 18:18 (Jan.- April) 1942. 

13. Stratton, E. K.: The Effect of Immunization with Extracts of Syphilitic 
Tissue on the Course of Experimental Syphilis in Rabbits, Am. J. Syph Conor & 
Ven. Dis. 26:227 (March) 1942. 
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modify the course of the disease. Extracts were prepared from rabbit 
lymph nodes and from mouse brains. These extracts, rendered non- 
infectious by heat or a 40 per cent solution of formaldehyde, were 
injected both intracutaneously and subcutaneously into normal rabbits. 
Ninety days later the animals were inoculated with subscrotal grafts 
from fresh chancre tissue. None of the rabbits showed the slightest 
resistance to syphilis. 

Effect of Orchidectomy on Immunity to Syphilis. — Hu and Tsao 
have compared the course of experimental syphilis in 8 male rabbits 
bilaterally orchidectomized a year before inoculation with that in a 
group of 10 normal female animals. Inoculations were made intra- 
venously, and the severity of the infection gaged by the following 
criteria: (1) the number of animals in which lesions developed; (2) 
the length of the incubation period; (3) the number, distribution and 
size of generalized lesions, and (4) the duration of activity of the dis- 
ease. Their data indicate little significant difference between the two 
groups of rabbits. Since syphilis is normally more severe in the male 
animal, the authors conclude that the • effect of orchidectomy is to 
increase the resistance of the male animal to syphilitic infection. 

Effect of Estrogens. — The histologic changes in the testes of rabbits 
given prolonged treatment with estrogens and subsequently inoculated 
with S. pallida have been studied by Frazier and his co-workers.^® 
Administration of estrogens and infection were both shown to depress the 
growth of the germinal epithelium. When the functional activity of the 
germinal cells had been depressed or completely arrested by estrogenic 
action, the testes became refractory to syphilitic infection and showed 
only slight alteration in histologic structure attributable to intratesticular 
inoculation with spirochetes or no change at all. 

Dispersion of S. Pallida in Mice. — Having previously reported on 
the distribution of S. pallida in the white mouse (an animal in which 
experimental syphilis exists after subcutaneous inoculation as a symptom- 
less infection), Levaditi and Rousset-Chabaud studied the dispersion 
of the organism after intravenous and intracerebral inoculation. A 
considerable time discrepancy was noted between the infectiousness of 
lymph nodes (as judged by intratesticular inoculation of rabbits) and 
“dispersion” (dependent on finding the organism by microscopic study 

14. Hu, C. K., and Tsao, S. N. ; Increased Resistance to Syphilis in the Rabbit 
Following Bilateral Orchidectomy, Chinese M. J. 60:118 (Aug.) 1941. 

15. Frazier, C. N. ; Hu, C. K., and Ma, W. C. : Relation of the Changes in 
Testicular Structure Induced in the Rabbit by Estrogenic Substance to Resistance 
Against Syphilis, Endocrinology 29:218 (Aug.) 1941. 

16. Levaditi, C., and Rousset-Chabaud, D.: Dispersion du “Treponema pallidum^ 
chez les souris blanches atteintes de syphilis inapparente, Bull. Acad, de med., Pans 
123:984 (Dec. 17-24) 1940. 



841 


REYNOLDS BT AL.—SYPHILIS 


of tissue sections) . The authors again suggest the existence of an infra- 
visible form of S. pallida to explain this disci epancy. 

Levaditi and Rousset-Chabaud also discuss the dispersion of S. 
pallida in the white mouse following inoculation into the peiitoneum 
and on scarified skin, concluding that the organism disseminates less 
readily from these sites of inoculation than when injected intravenously, 
subcutaneously or intracerebrally. 

Oral Administration of Arsplienaniine and N eoarsphenamine in the 
Treatment of Syphilis in Rabbits. — Kolmer, Brown and Rule report 
that both arsphenamine and neoarsphenamine administered orally are 
therapeutically effective in acute syphilitic orchitis of rabbits. Both drugs 
were rapidly absorbed from the gastrointestinal tracts of rabbits, as 
shown by high urinary excretion of arsenic. The single minimal cura- 
tive dose of arsphenamine was 0.04 to 0.06 Gm. per kilogram by oral 
administration and that of neoarsphenamine about 0.08 Gm., these 
amounts being three to five times higher than the minimal curative doses 
by intravenous injection. 

Arspheimmine in the Treatment of Experimental Tuberculosis . — 
Since the introduction of arsphenamine there has been controversy among 
clinicians and investigators as to its effect on tuberculous lesions occur- 
ring in syphilitic patients. McDermott, Webster and Macrae have 
observed the effect of arsphenamine on tuberculosis in syphilitic animals. 
The rabbit was the animal of. choice, since it was susceptible to both 
syphilis and tuberculosis. 

Fifty rabbits which had previously had roentgen examinations of 
the chest and serologic blood tests for syphilis were inoculated intra- 
venously with 0,5 cc. of a suspension containing 0.25 mg. of a bovine 
type of tubercle bacilli. Two weeks after injection all gave positive 
reactions to intracutaneous injection of old tuberculin. 

Three weeks after inoculation with tubercle bacilli 32 of the animals 
were inoculated in the right testicle with 1 cc. of a testicular suspension 
of S. pallida. The animals were then divided into three groups, of which 
I and II comprised animals with both tuberculosis and syphilis and III 
those with tuberculosis alone. Animals in groups I and III were treated 
with 10 weekly injections of arsphenamine in doses of 10 mg. per kilo- 
gram of body weight. Those in group II were held as untreated controls. 


17. Levaditi, C., and Rousset-Chabaud, D. : La dispersion du “Treponema 
pallidum” en fonction du mode d’inoculation, Bull. Acad, de med. Paris 12^ *76? 
(Nov. 5-26) 1940. ’ 


18. Kolmer, J. A.; Brown, H., and Rule, A. M. : The Oral Administration of 
Arsphenamine and Neoarsphenamine in the Treatment of Experimental Syphilis 
of Rabbits, Am. J. Syph., Conor. & Ven. Dis. 26:63 (Jan ) 1942 

19 McDermott W.; Webster, B., and Macrae, D. : The Effect of Arsphenamine 
on Tuberculosis m Syphilitic Animals, Am. Rev. Tuberc. 44:604 (Nov.) 1941. 
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The clinical course of tuberculosis in these rabbits could be compared 
to that in other animals infected with the same strain of tubercle bacilli. 
Despite the moderatel}’- intensive arsphenamine therapy given to the 
animals in the present experiment, the course of tuberculosis was unin- 
fluenced for the period during which the observations were maintained. 

It is customary in this type of experimental tuberculosis for roentgen- 
ograms of the lungs to show considerable change in the first few weeks 
and eventually to show a remarkable degree of clearing. In the present 
series there was roentgen evidence of marked tuberculous involvement 
in the majority of animals before arsphenamine therapy. After ten weeks 
of such treatment, the rabbits were apparently healthy, the roentgen 
shadows had cleared almost entirely and the amount of tuberculosis 
demonstrated at autopsy was much less than that seen by roentgen exami- 
nation before therapy. It is therefore believed that arsenical therapy 
did not prevent the healing of a large amount of the tuberculosis, and 
all animals had tuberculosis in the latent stage when the experiment 
was terminated. 

There was no measurable difference in the amount of tuberculosis 
present in the two arsphenamine-treated groups, in one of which syphilis 
was coexistent. The control group of animals infected with both syphilis 
and tuberculosis, which received no arsphenamine, showed slightly but 
definitely more severe tuberculosis at autopsy. 

The authors believe that although the groups are small, the percentage 
of variation is statistically significant and would indicate that tuberculosis 
coexisting with syphilis runs a less benign course when syphilis is not 
treated with arsphenamine. 

InjecHotisness oj Rabbit Semen . — Whether untreated males with late 
syphilis may harbor spirochetes in their semen, and therefore be carriers 
of syphilis, has been studied experimentally by Kemp."° Adult male 
rabbits were inoculated in granulating wounds on the back, and infection 
was proved by the demonstration of S. pallida by dark field examination 
of serum expressed from the lesions which developed. Animals in which 
bilateral metastatic orchitis with atrophy of the testes developed were 
excluded from the subsequent experiment. Ninety-one to two hundred 
da 3 '-s after inoculation, after all open lesions were healed, each of 12 
rabbits was caged with a normal female rabbit for thirty-nine to seventy 
days. The pairs were carefully observed, and unless coitus occurred at 
least four times, both male and female animals were discarded. The 
group of females Avas examined for erddences of syphilitic infection, and 
from one hundred and twenty to one hundred and thirty-five days after 
they were removed from the cages of the male rabbits, their popliteal 

20. Kemp, J. E. : The Infectiousness of the Semen of Rabbits with Late Syphilis, 
Am. J. Syph., Conor. & Ven. Dis. 26:16 (Jan.) 1942. 
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lymph nodes were removed, macerated in physiologic solution o£ sodium 
chloride and inoculated intratesticularly into 2 normal male rabbits. The 
transfer animals were observed ninety days for the development of 
orchitis. 

No visible evidence of infection developed in any of the females, and 
their popliteal lymph nodes were noninfectious for normal male rabbits. 

A second group of 12 female rabbits comprised the control group. 
Each animal was inoculated intravaginally with testicular suspensions 
containing S. pallida. They were examined for the development of 
genital lesions, and ninety days after inoculation the popliteal lymph 
nodes of the 10 in which there were no genital lesions containing spiro- 
chetes detectable by dark field examination were removed, emulsified 
and inoculated into 2 normal rabbits. Of the 12 females inoculated intra- 
vaginally, in 2 vaginal lesions developed in material from which spiro- 
chetes were demonstrable by dark field examination and in 8 an 
asymptomatic infection developed. Kemp’s experiments suggest that 

. . . the semen of rabbits with late syphilis is either free from treponemes or 
contains them in such few numbers that it is not infectious for female rabbits. In 
this regard the course of syphilis in rabbits apparently parallels fairly closely its 
course in man. 

PINTA AND BEJEL 

Pinta. — Pinta, mal del pinto and carate are one and the same disease, 
the etiologic agent being a spirochete indistinguishable morphologically 
from that of syphilis and of yaws. The recent advances leading to the 
modern concept of pinta are summarized by Pardo-Castello and Ferrer.^^ 

Pinta resembles syphilis and yaws in its general evolution. It begins 
with an initial lesion, followed by disseminate macules and plaques. 
Precipitation and complement fixation reactions for syphilis are positive 
in 60 per cent of the cases of pinta in the early stages, and in 100 per 
cent in the late stages. In the series of patients studied by these authors, 
•52.1 per cent showed changes in the spinal fluid similar to those occur- 
ring in syphilis of the central nervous system and 64.5 per cent had 
cardiovascuhr changes, usually aortitis. Pardo-Castello believes that the 
mode of transmission of pinta is probably personal contact. It has been 
transmitted experimentally to human beings. The disease confers an 
•immunity, but patients with active syphilis may acquire this infection. 

Bejel . — Bejel is a spirochetal disease endemic among the nomadic 
inhabitants of the Euphrates River valley. Its clinical description has 
initiated a reconsideration of certain differences between syphilis and 
yaws and has led to a consideration of the relation of bejel to these 
diseases. 


21. Pardo-Castello, V., and Ferrer, I. : 
Dermat. & S 3 "ph. 45:843 (May) 1942. 
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A different approach to the subject is provided by Rost,-- who 
describes the diagnostic features of bejel demonstrable by roentgen 
examination. The osseous changes consist essentially of periosteal and 
endosteal proliferation, with varying degrees of rarefaction resembling 
at times the gummas of late syphilis. No osteochondrotic changes similar 
to those encountered in congenital syphilis v^ere noted, and there were 
no neuropathic lesions of joints. The lesions of bones respond readily 
to small amounts of antisyphilitic treatment. 

SERODIAGNOSIS OF SYPHILIS 

Serologic Surveys . — There is an increasing appreciation of the need 
for a system for gaging the efficiency of performance of the laboratory 
tests on which the physician places major reliance in the diagnosis of 
syphilis. For the past six years the Committee on Evaluation of Sero- 
diagnostic Tests for Syphilis has been concerned with this problem and 
has published reports dealing with the standards of performance of tests 
in state laboratories. 

The results of the 1941 survey are detailed in the most recent report.^* 
For the first time the identity of the participating laboratories is revealed. 
There has been a sustained trend toward a more efficient performance 
of test methods and a more uniform standard of results in the large 
majority of state laboratories. 

A preliminar)'’ report of the Serology Conference held in Washing- 
ton, D. C., in October 1941 is also available. The aim of the conference 
was to accumulate information as to the reliability of a group of rela- 
tively new technical methods for the serodiagnosis of syphilis. A total 
of 19 author-serologists or their representatives participated and carried 
out thirty separate procedures. Tabular and graphic summaries of the 
results with these thirty procedures on 1,002 specimens of blood and 
234 specimens of spinal fluid are presented. 

Antigen . — An extensive review by Weil concerning the Wasser- 
mann antigen and related alcohol-soluble antigens covers two hundred 
and twenty-five references to the medical literature for the period from 

22. Rost, G. S. : Roentgen Manifestations of Bejel (“Endemic Sj'philis ) as 
Observed in the Euphrates River Valley, Radiology 38:320 (March) 1942. 

23. Parran, T.; Hazen, H. H.; Mahoney, J. F.; Sanford, A. H.; Senear, F. E.; 
Simpson, W. M., and Vonderlehr, R. A.: Serodiagnostic Tests for Syphilis in 
State Laboratories: The 1941 Evaluation of Their Performance, J. A. M. A. ll?- 
1167 (Oct. 4) 1941. 

24. Parran, T.; Hazen, H. H.; Mahoney, J. F.; Sanford, A. H.; Senear, F. E.; 
Simpson, W. M., and Vonderlehr, R. A. : Preliminary Report on the Washington 
Serology Conference, Ven. Dis. Inform. 23:161 (May) 1942. 

25. Weil, A. J.: The Wassermann Antigen and Related “Alcohol-Soluble 
Antigens, Bact. Rev. 5:293 (Dec.) 1941. 
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1925 to September 1941. No original work is reported, but the author 
adequately accomplishes his mission of integrating a complex subject to 
provide a basis for future investigation. 

Spirochetal Antigens in Serologic Tests jor Syphilis. ’Theie is a 
large literature pertaining to the sensitivity, specificity and practical value 
of tests employing spirochetal antigens in the serologic diagnosis of 
syphilis. In view of the conflicting claims Kolmer reviews the present 
status of such tests. He attempts to clarify the question as to whether, 
as suggested by Gaehtgens and Beck, there occurs in syphilitic serum 
a specific antibody for S. pallida separate and apart from the reagin 
reacting with alcoholic extracts of beef heart or whether the Wassermann 
and the flocculation reaction, on the one hand, and complement fixation 
with spirochetal antigens, on the other, are due to spirochetal antibodies, 
as claimed by Eagle and Hogan. 

The paper can best be summarized by quoting the author’s summary 
and conclusions: 

Complement fixation tests conducted with antigens of cultivated S. pallida, 
especially of the Reiter and Kazan strains, compare favorably in sensitivity with 
the Wassermann and flocculation tests in the serologic diagnosis of syphilis of 
human beings and rabbits, but their practical value . . . has not been sufficiently 
defined. [They] . . . are not as specific as the Wassermann and flocculation 
tests, largely because of the presence in normal serum of natural spirochetal antibody. 

This natural antibody as well as that produced in syphilis is of a group character 
reacting not only with cultivated S. pallida but \yith S. macrodentium, S. micro- 
dentium and other spirochetes. . . . 

Largely on the basis of absorption of syphilitic human serum with tissue lipids 
and suspensions of cultivated S. pallida, the preponderance of evidence is in favor 
of regarding the Wassermann reagin and spirochetal antibody as separate entities 
which may coexist in serum. . . . 

The practical value of antigens of cultivated S. pallida in the serologic diagnosis 
of syphilis and in relation to the treatment of the disease can not be stated at 
present, but they are worthy of further study. If such strains are employed, 
antigens of whole spirochetes in phenolized saline solution appear to be advisable. 
The Reiter or Kazan strains are preferred, and a mixture of the two may be 
advisable. . . . Suspensions of virulent tissue spirochetes are preferred, but 
owing to technical difficulties in their preparation they probably cannot be employed. 

Continuing their studies on the role of S. pallida in the Wassermann 
reaction, Kolmer, Kast and Lynch 2" describe a technic for obtaining an 

26. Kolmer, J. A. : Serologic Diagnosis of Syphilis : Value of Complement 

Fixation and Agglutination with Spirochetal Antigens and Relation of Spirochetal 
Antibody to the Wassermann Reagin, Arch. Dermat. & Syph 45:455 (Marchl 
1942. ■ ■ .■ ^ 

27. Kolmer, J. A.; Kast, C. C,, and Lynch, E. R. : Studies on the Role of 

Spirochaeta Pallida in the Wassermann Reaction: III. Complement Fixation and 
Agglutination in Syphilis with Antigens of Tissue Spirochaeta Pallida Am T Svnh 
Conor. & Ven. Dis. 26:142 (March) 1942. ’ • • - 1 •> 
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antigen suspension of virulent S. pallida (from acute testicular syphilomas 
of rabbits) relatively free from tissue debris and serum. This antigen 
was used to study normal and syphilitic human and rabbit serums for the 
presence of complement-fixing and agglutinating antibodies. 

Fewer nonsyphilitic human and rabbit serums showed complement 
fixation or agglutination with suspensions of virulent tissue spirochetes 
than with cultivated spirochetes. In syphilitic human and rabbit serums 
spirochetal antibody was more active with tissue spirochetes than with 
nonvirulent cultured organisms. The authors believe : 

This indicates that the natural spirochetal antibody is more active for non- 
virulent cultivated S. pallida than for virulent tissue spirochetes but that the acquired 
antibody is more active for the latter, suggesting that cultivated 5'. pallida may 
undergo dissociation with a change in antigenic structure associated with loss of 
virulence. 

Nature of Reagin . — Ratclifife reviews the literature and briefly dis- 
cusses the nature of syphilitic reagin, particularly in respect to whether 
this substance is an antibody to S. pallidum or to lipid haptens of the 
host, liberated at foci of infection and activated by spirochetal protein. 

The author cites already reported substances which when injected 
into rabbits produce positive serologic reactions for syphilis and likewise 
reports the unsuccessful attempts of other investigators to produce artifi- 
cially positive reactions in the serum of these animals. He points out that 
because of the incidence of spontaneously positive reactions in rabbits 
it is often difficult to interpret the significance of the serum change after 
the injection into the animal of some foreign substance. The concensus, 
however, is that it is possible artificially to induce a positive serologic 
reaction in the rabbit by methods which involve neither S. pallida nor 
any specific derivative of it. 

In attempting to demonstrate evidence to support or controvert the 
autoantibod)'’ theory in accounting for nonspecific reactions obtained with 
lipoid antigens in a serodiagnostic test for syphilis, Ratcliff e subjected 
rabbits to various treatments intended to stimulate or to augment the 
■production of reagin by nonspecific and noninfectious means. Two 
methods of study were employed : (a) producing pathologic lesions char- 
acterized by chronic inflammation and degenerative changes simulating 
the essential lesions of syphilis or (b) stimulating or augmenting the 
production of reagin by the injection of various extracts of homologous 
tissue or preparations of autogenous serum. 

Among the procedures attempted were the injection of flocculate from 
human serum ghdng a positive reaction for syphilis, the intra-abdominal 
transplant of rabbit’s aorta, ligation of the splenic pedicle and the injec- 

28. Ratcliffe, A. W. : The Role of Autoantibodies in the Serodiagnosis of 
Syphilis, J. Lab. & Clin. Med. 27:729 (March) 1942. 
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tion of homologous tissue preparations. After each of these procedures 
some rabbits showed a definite increase in reagin titer. However, in 
many animals the change was either absent or minor. The author says : 

While the evidence brought forward [by this work] is not entirely convincing, 
it is compatible with, and is best explained b 3 % the conception that reagin is a closely, 
related group of antibodies and not a single chemically constant compound, and that, 
while the primary serologic change in syphilis may be the formation of antibodies 
to T. pallidum, the potential or actual occurrence of positive or doubtful reactions 
with lipid antigens in the absence of syphilis results from the formation of anti- 
bodies to the “ubiquitous lipid,” either from some other infectious agent or from 
the tissues of the host, dependent upon the liberation of lipid haptens and protein 
derivatives capable of activating them. 

Titration of Traces of Reagin . — A technic used in the detection of 
isoagglutination in dried blood stains has been adapted by Lund to 
the titration of traces of reagin. The basis of this procedure is the divi- 
sion of the flocculation test into two steps; (a) sensitization of the 
antigen, in which maximal volumes of serum and minimal quantities of 
antigen are used, and (&) secondary induction of flocculation by concen- 
trating the sensitized antigen by centrifugation. By this method, pro- 
portions of serum in excess of those previously studied can be utilized, 
sensitivity can be increased and the definite quantitative relations which 
obtain permit reasonably accurate titrations. 

Lund was able to demonstrate (1) that the sensitivity of a serologic 
test is dependent on the quantity of serum available for each unit of 
antigen and (2) that repeated doses of serum eventually bring about 
aggregation even if the individual doses are of “subtiter” value, thereby 
making possible the sensitization of antigen by amounts of serum which, 
if used in a single volume, would be too unwieldy for centrifugation. 

A preliminary practical trial of the method was undertaken to deter- 
mine whether reagin can be detected in normal serum and in the serum 
of patients with syphilis, both untreated and treated to become apparently 
seronegative, and also to see whether quantitative titrations of large 
proportions of serum have a reasonable degree of correlation with stand- 
ard technics and the clinical aspects of the cases. The results suggest 
that standard flocculation tests can be made more sensitive by increasing 
the volume of serum in relation to the amount of antigen used and recov- 
ering the antigen by centrifugation, also that the use of unlimited volumes 
of serum in flocculation tests has no diagnostic value unless quantitative 
determinations are made. Lund concludes : 

1. A practically unlimited increase of sensitivity can be obtained by treating- 
each of the two stages of serologic aggregation as individual reactions. This is 

29. Lund, H.: The Titration of Traces of Reagin; Technique of Flocculation 
Using Maximal Serum Proportions with Secondary Recovery of Antie-en Am T 
Syph., Conor. & Ven Dis. 26:1 (Jan.) 1942. ’ 
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done by adjusting the proportions to favor sensitization (a maximal dose of serum 
and a minimal dose of antigen) and secondarily modifying the conditions (by centri- 
fugation and reconcentration of antigen) in order to induce aggregation. Experi- 
mental!}'^, the sensitivity of a standard flocculation test for syphilis was increased 
32 to 64 times. 

2. By means of this procedure sensitivity depends upon the amount of serum 
available for each unit of antigen and is not limited to an optimal zone of dilutions. 

3. Within a wide range, sensitivity is directly proportional to the amount of 
serum used and inversely proportional to the amount of antigen used in the reacting 
system. Increasing the volume of the reacting system by the addition of saline 
solution does not materially affect this rule. From this relationship, a convenient 
method of expressing titrations is evolved. This is to state the volume of undiluted 
serum required to aggregate an arbitrary unit of antigen. 

4. The above experimental findings and the results of a preliminary clinical trial 
point to the possibility of placing the serology of syphilis upon a quantitative scale 
that far exceeds the scope of standard tests. 

Effect of Treatment on the Results of Quantitative Serologic Tests. 
— The effect on the Wassermann reaction of a single course of treatment 
with arsphenamine and a mercurial alone or in combination was observed 
in 145 patients by Belding.^® Quantitative estimations of serum reagin 
M^ere made before halfway through and one week after treatment and 
at subsequent intervals of four weeks for twenty-four weeks. Most of 
the patients observed had received previous treatment and were known 
to have late syphilis. The mean percentile reduction in reagin titer 
twenty-four weeks after one course of treatment was arsphenamine, 35 ; 
a mercurial, 29, and combined arsphenamine and a mercurial, 47. Pre- 
vious treatment, the initial reagin titer, the duration of the disease and 
the total amount of treatment given all were found to influence the 
serologic response. 

Storage of Serums. — Myers and Perry report the comparative 
results of serologic tests for syphilis made on portions of the same serum 
specimens tested when fresh and after storage for one or two months 
at 2 to 4 C. and at — 27 C. Their results indicate that storage of serum 
is not detrimental and that there is little choice between 2 to 4 C. and 
— 27 C. 

Biologic False Positive Serologic Reactions for Syphilis. — Mohr, 
Moore and Eagle have reviewed the literature on the presence of 
reagin-like substance in the serum of normal human beings. They report 

30. Belding, D. L. ; The Effect of Arsphenamine and Mercury upon the Wasser- 
mann Reaction, Am. J. Syph., Conor. & Ven. Dis. 25:759 (Nov.) 1941. 

31. Myers, R. M., and Perry, C. A.: The Storage of Syphilitic Serums, Ven. 
Dis. Inform. 23:56 (Feb.) 1942. 

32. Mohr, C. F.; Moore, J. E., and Eagle, H. : Biologic False Positive Serologic 
Reactions in Tests for Syphilis : I. Occurrence in Normal Persons, Arch. Int. !Med. 
68:898 (Nov.) 1941. 
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9 instances of what they regard as biologic false positive reaction to 
serologic tests for syphilis in a normal nonsyphilitic person. The authors 
say : 

The demonstration by three different groups of workers (Malloy and Kahn; 
Barnett, Jones and Kulchar; Sherwood, Bond and Canuteson) that some normal 
human serums may contain reagin or reagin-like factors is of obvious significance 
for the practical serologic diagnosis of syphilis. It is true that the amounts of 
reactive material which these workers have been able to demonstrate is well below 
the threshold concentration which can be detected by the standard diagnostic pro- 
cedures. Under ordinary circumstances the reactivity of normal serum therefore 
does not complicate the diagnostic test. The 9 cases here presented, nevertheless, 
indicate that in the exceptional case this normal factor may be present in sufficient 
concentration to give biologic false reactions. 

Despite these false reactions, it may be that the antibodj' present in syphilitic 
serum is strictl}’’ specific and that normal serum contains other substances with 
qualitatively similar effects on the lipoidal suspensions used as “antigen.” Thus, a 
normal serum may be capable of causing the aggregation of these lipoidal suspensions 
to give clumps indistinguishable from those caused by syphilitic serum, despite 
the fact that the mechanism of the aggregation may be altogether dissimilar. 

In a second communication Mohr, Moore and Eagle call attention 
to the fact that many infectious diseases have been reported to cause 
biologic false positive serologic reactions for syphilis. In only a few 
of these (malaria, leprosy and infectious mononucleosis) can one arrive 
at some idea as to the incidence of these false positive reactions, 
whereas in such diseases as relapsing fever, rat bite fever, scarlet fever, 
tuberculosis, pneumonia, Vincent’s infections, malignant conditions 
(particularly cancer of the tongue), subacute bacterial endocarditis, 
glanders, Weil’s disease, leishmaniasis, lymphogranuloma venereum, 
tiypanosomiasis, typhus fever, vaccinia and infections of the upper 
respiratory tract serologic tests for syphilis have been done neither on 
a large enough group of subjects nor frequently enough to establish 
definitely the incidence of false positive reactions. 

There are reported here brief summaries of the records of 11 non- 
syphilitic patients with various diseases, in whom transitory biologic 
false positive serologic reactions for syphilis were observed. The con- 
ditions reported are a subacute infection of unknown cause, acute 
labyrinthitis of unknown cause, vaccinia, pneumonia, sore throat of 
unknown cause, infectious mononucleosis and rat bite fever. 

The literature pertaining to biologic false positive serologic reac- 
tions for syphilis associated with the aforementioned conditions has 
been reviewed. The authors’ justification for the publication of such 
a heterogeneous series of case reports as this lies in the fact that 

33. Mohr, C. F. ; Moore, J. E., and Eagle, H. : Biologic False Positive Serologic 
Reactions in Tests for Syphilis; II. Occurrence with Organic Diseases Other Than 
Syphilis, Arch. Int. Med. 68:1161 (Dec.) 1941. 
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attention is at once directed to the nonspecificity of serologic tests for 
syphilis and to the caution necessary in the interpretation of results. 
They point out that the nonspecificity extends to nearly all of the 
generally used technics for serologic tests for S3^philis. 

The occurrence of biologic false positive serologic reactions for 
s)^philis in children is discussed by Bridgeman and Jacobson/^ who 
report 18 cases. In addition to the conditions known to give false 
positive reactions in adults, children may have nonspecific reactions 
associated with an acute infectious disease with fever. 

False Positive Serologic Reactions Associated with Malaria . — 
A study of the effect of malaria on serologic tests for syphilis in Negro 
patients from North Carolina is reported by Fellows.’® In his series 
of 3,244 patients an incidence of 9.9 per cent positive serologic reac- 
tions for syphilis and of 3.1 per cent demonstrable malaria protozoa 
was encountered. When malaria parasites were found, disagreement 
between the first and the second serologic tests occurred in 64.8 per 
cent of the patients in whom the first test showed a positive or a 
doubtful reaction. Disagreement in patients for whom no parasites 
could be demonstrated was 24.8 per cent. 

In a series of 11 nonsyphilitic patients with dementia praecox 
inoculated with malaria, Burney, Mays and Iskrant®® found that all 
gave false positive serologic reactions for syphilis at some time by at 
least two different technics. The greatest number of positive reactions 
occurred fifteen to twenty-one days after the onset of clinical actiA^ty. 
Seldom did the positivity of any reaction extend over a period longer 
than four weeks. The duration of clinical activity, the highest tem- 
perature reached, the time of withdrawal of blood in relation to an 
individual paroxysm or the density of parasites did not notably influence 
the serologic reactivity. In stressing the public health significance of 
their results, the authors conclude that a diagnosis of syphilis based 
on serologic tests alone should not be made in an area where malaria is 
endemic without first eliminating the possibility of coincident malarial 
infection. 

Unfortunately, there is not as yet any satisfactory information con- 
cerning the incidence of biologic false positive reactions in patients Avith 
chronic, as opposed to acute, malaria. 

34. Bridgeman, M. L., and Jacobson, L. D. : False Positive Serologic Tests 
for Syphilis in Children, NorthAvest Med. 40:325 (Sept.) 1941. 

35. FelloAvs, F. S.: Relationship of Malaria to Serologic Tests for Syphilis, 
North Carolina M. J. 2:601 (Nov.) 1941. 

36. Burney, L. E. ; Mays, J. R. S., and Iskrant, A. P. : Results of Serologic 
Tests for Syphilis in Non-Syphilitic Persons Inoculated Avith Malaria, Am. J. Pub. 
Health 32:39 (Jan.) 1942. 
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False Positive Serologic Reactions Associated with Infectious 
Mononucleosis. — The reason for transiently positive complement fixa- 
tion and flocculation reactions for syphilis in patients with infectious 
mononucleosis is not known. Kolmer, Ginsburg and Lynch ‘ suggest 
that the phenomenon may be due to the production of a lipoidophilic 
reagin by the infectious agent of the disease, rather than to a reaction 
between heterophile antibody in the serum and heterophile antigen in 
alcoholic tissue extracts. 

False Positive Serologic Reactions Associated zvith Lymphogranu- 
loma Venereum.— reports false positive serologic reactions 
for syphilis in 20 per cent of 122 cases of lymphogranuloma venereum. 
To determine whether concomitant syphilitic infection is present, the 
author believes the “verification test” of Kahn to be of value, since 
he found a close correlation between the results of this test and the 
ultimate serologic outcome. 

False Positive Serologic Reactions Associated with Rat Bite Fever . — 
In a comprehensive article on the two types of rat bite fever, due, 
I'espectively, to Spirillum minus and to Streptobacillus moniliformis. 
Brown and Nunemaker comment on the incidence of biologic false 
positive serologic reactions for syphilis occurring in the course of this 
disease. In the spirillary form it is well established that such false 
positive reactions occur in 50 to 60 per cent of reported cases. In the 
form due to S. moniliformis the number of reported cases is as yet 
small, but the incidence of false positive serologic reactions appears 
somewhat lower (about 37 per cent). 

Tests Purported to “Verify" the Results of Standard Serodiag- 
iiosiic Tests. — In 1940 Kahn^° described a differential temperature 
procedure which, it was claimed, allowed separations of true from false 
positive serologic reactions. Chargin and Rein have used the Kahn 
verification test in the study of 1,565 patients with various conditions, 
including syphilis, nonsyphilitic dermatoses, pregnancy, acute exan- 

37. Kolmer, J. A. ; Ginsburg, I. W., and Lynch, E. R. ; The Wassermann 
Reaction in Infectious Mononucleosis with Special Reference to the Kolmer Test 
Am. J. Clin. Path. 12:316 (June) 1942. 

38. Ghana, C. P.: Los reacciones serologicas de la lues y su interpretacion en 
los casos de linfogranulomatosis venerea, Rev. med. de Chile 69:715 (Nov.) 1941. 

39. Brown, T. M., and Nunemaker, J. C: Rat Bite Fever: A Review of the 
American Cases with Reevaluation of Etiology; Report of Cases, Bull. Johns Hop- 
kins Hosp. 70:201 (March) 1942. 

40. Kahn, R. L.: A Serologic Verification Test in the Diagnosis of Latent 
Syphilis, Arch. Dermat. & Syph. 41:817 (May) 1940. 

41. Chargin, L., and Rein, C. R.: The Kahn Verification Test: An Appraisal 

of the Test Based on Clinical and Serologic Evidence, Arch. Dermat & Svnh 44- 
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themas, pinta, malaria and leprosy. These tests were all performed in 
Kahn’s laboratory without benefit of clinical data. 

In the group of 349 S 3 'philitic patients, who had received varying 
amounts of treatment, the verification test gave the syphilitic type 
reaction in 100 per cent of patients with strongly positive serodiag- 
nostic reactions, in 76.5 per cent of those with weakly positive reac- 
tions and in 40.2 per cent of those with doubtful reactions. Of 267 
presumably nonsyphilitic persons, the result of the verification test was 
negative in 265. In the group with questionable reactions 32.7 per cent 
gave a syphilitic type of verification reaction. The highest incidence 
of the general biologic type of reaction was found to be associated with 
doubtful serodiagnostic reactions in all groups. Agreements as well as 
discrepancies were observed in serums subjected to repeated verifi- 
cation tests. 

The authors’ appraisal indicates a sufficient number of discrepan- 
cies in the results of the test to cast doubt on its ultimate efficacy in 
“verifying” the fact of syphilitic infection. 

Seeking a differential method whereby the specificity of the sero- 
diagnostic test for syphilis can be increased, Rytz describes a method 
in which reagin is separated from the bulk of serum protein by pre- 
cipitation with a weak solution of copper sulfate. Reagin thus remains 
in solution, together with only small quantities of serum protein. Rytz 
believes that “protein lability” is a factor in false positive serologic 
reactions, and he seeks by removal of serum protein to make a more 
specific test. Preliminary results obtained with the technic are given. 

PREVALENCE 

Clark and Turner have studied the prevalence of syphilis among 
specific age groups of Negroes in the enumerated population of the 
Eastern Health District of Baltimore. The two age groups chosen 
were 20 to 24 years and 35 to 39 years. From a study of existing 
records and from examinations made during the course of the study 
minimum prevalence rates were established. These rates were: ages 
20 to 24, men 19.7 per cent and women 31.6 per cent; ages 35 to 39, 
men 33.6 per cent and women 40.4 per cent. Among women of both 
age groups the rate for single persons was higher than for married 
ones, but no such difference was noted among men. Rates were higher 
among those who had not attended high school and among those who 

42. Rytz, F. : Specificity in the Serodiagnosis of Syphilis: A Differential 
Method, Am. J. Clin. Path. 12:166 (March) 1942. 

43. Clark, E. G., and Turner, T. B. : Study of the Prevalence of Syphilis Based 
on Specific Age Groups of an Enumerated Population, Am. J. Pub. Health 32:307 
(IMarch) 1942. 
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were unemployed. The authors discuss in detail the technic of theii 
carefully planned method of investigation and expiess the belief that 
it is susceptible of application in subsequent years and that the pieva- 
lence rates so obtained will afford a reliable index of the tieiid of 
syphilis in the community studied. 

During the course of an epidemiologic study of leprosy in the 
Virgin Islands of the United States in 1939 and 1940, more than 
70 per cent of the inhabitants of the island of St. Thomas and more 
than 95 per cent of the population of a rural area on the island of 
St. Croix were examined in clinics. In all, there were 10,000 persons 
on whose serum serologic tests for syphilis were made, and this num- 
ber represented about 60 per cent of the inhabitants of the two areas. 
Of the persons tested, reports -Saunders,^* 1,495 (15.7 per cent) were 
found to have positive serologic reactions for syphilis. Approximately 
70 per cent of the population are Negroes; more than 20 per cent are 
of mixed Negro and white strains, and less than 10 per cent are pure 
white or Puerto Ricans. Eighteen per cent of the Negroes, 14.6 per 
cent of the mulattos, 7.4 per cent of the Puerto Ricans and 4 per cent 
of the white persons tested had positive serologic reactions. Among 
female Negroes the positive reactions increased earlier in life and 
reached a peak of about 27 per cent in the age group between 40 
and 50 years. The peak in the male, of about 36 per cent, was reached 
about a decade later. 

According to Harrison,^® the incidence of syphilis in England and 
Wales is decreasing despite war conditions. Factors in this declining 
incidence include diminution of traffic with foreign countries, the rela- 
tively low rate attained prior to the outbreak of war, the existing 
system of treatment centers and the thorough treatment given to men 
in the armed forces, now a substantial proportion of the male population. 

Since the outbreak of war in Europe in September 1939, Burow 
reports there has been a progressive increase in the incidence of vene- 
real disease among alien seamen examined at the New York Quarantine 
Station. Sailors from the Scandinavian countries, denied return to 
their homeland, where venereal diseases were relatively rare; where 
prompt treatment was sought, received and enforced, and where home 
influences placed a restraint on promiscuous sexual conduct, have 

44. Saunders, G. M. : Prevalence of Syphilis in the Virgin Islands of the United 

States: Results of a Serologic Survey, Arch. Dermat. & S 3 'ph. 45:506 (Marchl 
1942. ^ 

45. Harrison, L. W.: The Present Trend of Incidence of Venereal Diseases 

in England and Wales, and Methods of Control, Brit. J. Ven Dis 17-249 rTulv 
Oct.) 1941. ■ ‘ 

46. Burow, F. P.: Increase of Venereal Diseases Among Foreign Merchant 
Seamen Examined at the Port of New York, Ven. Dis. Inform. 23:11 (Jan.) 1942 



854 


ARCHIVES OF INTERNAL MEDICINE 


shown the greatest increase in venereal infections. There is evidence 
to show that when vessels have made Latin American cities ports of 
call, the incidence of syphilitic infection is higher; although seamen 
from South America had lower A'-enereal disease rates than Scandi- 
navian, British or German personnel. 

EPIDEMIOLOGY OF SYPHILIS 

Early Syphilis . — Webster and Shelley report the results of con- 
tact investigation of 269 patients with early syphilis admitted to the 
Syphilis Clinic of the New York Hospital during the years 1937 to 
1940, inclusive. These 269 patients named 663 contacts (2.46 contacts 
per patient). Of all contacts named, 81.7 per cent were found and 
examined, and of all examined contacts, 31.8 per cent had infectious 
syphilis. This is a ratio of 83.3 new patients with infectious syphilis 
per hundred original patients. The investigation of the 269 original 
patients yielded 224 more patients with infectious syphilis. The approxi- 
mate cost of carrying out these investigations was |18 per contact 
found to have infectious syphilis. The authors conclude that an epi- 
demiologic investigation of patients with infectious syphilis appeared 
to be feasible and financially possible in a large metropolitan area. 

Acquired Syphilis in Children . — The public health and epidemio- 
logic significance of acquired syphilis in childhood and adolescence is 
emphasized by Dyar and Goodwin.^® Their study of acquired syphilis 
in 16 colored and 3 white children under 14 years of age revealed a 
surprising amount of sexual activity in the prepubescent period. 
Investigation of the sexual and the household contacts of 10 source 
patients led to the discovery of 14 instances of infectious syphilis and 
6 instances of latent sj^philis not previously recognized. A superficial 
survey of the socioeconomic factors in the households of the infected 
children suggests that crowded living conditions, unemployment and 
the accompanying economic stress are associated with the spread of 
acquired syphilis to a younger age group than is usually affected. 

Syphilis in Negroes . — The high incidence of syphilis in Negroes is 
a matter of common knowledge. There is reason to believe that lower 
educational standards are in part responsible. Comely reports that 
22 of 40 Negro colleges include in their entrance health examinations 
a serologic test for syphilis, a ratio eight to ten times higher than that 

47. Webster, B,, and Shelley, E. I.: Epidemiology of Primary and Secondary 
S 3 'philis in New York City, Am. J. Pub. Health 31:1199 (Nov.) 1941. 
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in white colleges. Tests made on 24,347 students over a period of five 
years show a rate of positive serologic reactions of 42 per thousand, 
which is ten to twenty times higher than the rate in white colleges. 
The author notes that a sizable group of colleges do not provide 
facilities for the treatment of their students. 

^'Syphilis in the Negro” is the title of a brochure by Hazen,=° which 
was published as a supplement to Venereal Disease Information and 
so is available for widespread distribution. It provides a summary of 
the incidence, prevalence and trend of syphilitic infection in Negroes, 
including pathologic changes, clinical course, diagnosis, treatment and 
prophylaxis. In the introductory statements Hazen says : 

One cannot escape the observation that the greatest single reservoir of syphilis 
in America is the Negro. But when one seeks an explanation through prevalence 
surveys in various areas where the Negro comprises a significant proportion of 
the population, he finds the problem transcends racial boundaries. Where the Negro 
syphilis rate is high, the rate in the white group as well is likely to be unusually 
high. He finds, by comparison of these areas with those having lower rates for 
both Negro and white, that a less vigorous effort has been made to control the 
disease. Treatment facilities in the areas of high prevalence prove to have been 
inadequate and largely inaccessible. Likewise, the public is not as well informed 
on the value of early and adequate treatment in arresting the disease and in pre- 
venting its spread. And he reaches the conclusion that the most outstanding 
characteristic in these areas of high prevalence is a low economic status in a large 
proportion of the population. 

Contact Investigation. — Sweeney describes the general methods 
of obtaining from patients with early syphilis the names of extramarital 
sexual contacts and the method of approach both to extramarital sexual 
contacts and to household contacts for the purpose of persuading them 
to be examined. Success in obtaining contact information depends on 
securing the cooperation of the patient, for a well informed, tactfully 
handled patient is usually willing to divulge this information, provided 
he is assured that his own name will not be revealed to the contacts. 
The author believes the general approach to sexual contacts differs 
somewhat according to the age, the marital status and' the economic 
situation of the individual contact, and she describes in detail effective 
procedures for each contingent situation. 

SYPHILIS AND THE WAR 

Wartime Problems of Civilian Public Health Agencies. As an 

example of the responsibility placed on civilian public health agencies 
in areas adjacent to military concentrations Rowntree, Fischbach and 

50. Hazen, H. H. : Syphilis in the Negro, A^-en. Dis. Inform., 1942, supp. 15. 
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Leavell cite their work in Louisville, Ky., which city is experiencing 
a sudden and marked increase in. population because of war industr}^ and 
the establishment of an Army post, Fort Knox, 30 miles (48 kilometers) 
away. This growth has brought about congestion and overcrowding. 
There are many new small bars, cafes and lunchrooms which provide 
both food and drink. Also, there is overcrowding in cheap rooming 
houses and low rent quarters. All these factors have a bearing on the 
civilian and military venereal disease problem and have necessitated more 
extensive measures and new procedures for control, which are discussed 
in detail. 

Prostitution . — In readable, graphically pictoillustrated pamphlet form 
Broughton outlines the problem of prostitution in time of war. He 
points out why segregation and inspection of prostitutes are not the 
answers to this problem and concludes that a determined effort at repres- 
sion is the proper solution. Cooperation between the Army, the Navy, 
Public Health Service, the Social Protection Section of the Federal 
Security Agenc}'’ and the public health and police officials in local com- 
munities is essential to adequate repression. In areas where local 
authorities do not act, the Federal Bureau of Investigation may be called 
on to do the necessary police work under authority of the May Act, 
passed by Congress in 1941. 

Aware of the discrepancy in the reported incidence of contraction of 
venereal disease from prostitutes in different sections of the country, 
Johnson has studied the contacts of soldiers at Fort Bliss, Texas. This 
military cantonment is situated outside the city limits of El Paso 
(population, about 100,000). El Paso is within walking distance of 
Juarez, Mexico (population, appi'oximately 50,000). In both El Paso 
and Juarez houses of prostitution were legal and under police protection 
at the time this study was begun. The report includes 526 instances of 
venereal disease in soldiers, of which 424 were gonorrhea, 40 early 
syphilis and 62 chancroid. 

Prior to the closing of the houses of prostitution in El Paso 7Z.7 per 
cent of all infections were contracted from prostitutes, 16 per cent from 
“pick-ups” in dance halls and bars and 10.3 per cent from friends oi 
other sources. Fifty-six per cent of the soldiers contracted venereal 
infections in El Paso and 24.4 per cent in Juarez. 

52. Rowntree, G. R. ; Fischbach, C. M., and Leavell, H. R. : Venereal Disease 
Control in the National Defense Program, South. M. J. 35:187 (Feb.) 1942. 
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no. 65, New York, Public Affairs Committee, Inc., 1942. 

54. Johnson, B., Jr. : Role of Open Houses of Prostitution in the Spread of 
Venereal Diseases in a South-Western Cantonment Area: Preliminary Report 
of an Epidemiologic Study, Ven. Dis. Inform..23:lS (Jan.) 1942. 



REYNOLDS ET AL.— SYPHILIS 


857 


After the closure of the nine legal houses of prostitution in El Paso, 
there was a decrease in the incidence of venereal disease contracted in 
brothels. During this period of the study only 51.6 per cent of infections 
were referable to such houses, whereas there was a definite increase in 
the number of soldiers infected through “pick-ups” (30.6 per cent). 
The incidence of disease contracted in Juarez also increased above that 
contracted in El Paso. It therefore seems evident that the main source 
of infection is still the commercial prostitute operating in a brothel and 
that the chief place of infection has shifted from El Paso to Juarez. 

Syphilis Among Selectees . — In the present war for the first time an 
effort has been made not only to examine all men for venereal disease 
but to perform routine serologic tests for syphilis on them. The results 
of this huge serologic survey, which furnish the most accurate estimation 
yet available of the prevalence of syphilis throughout the nation, have 
been reported from many states, chiefly in the respective state medical 
journals. 

A summation of the findings throughout the nation has been prepared 
by the United States Public Health Service and reported by Vonderlehr 
and Usilton.^^ These authors have calculated the incidence of S 5 ’'philis 
among the first 1,051,985 selectees, who were examined between 
November 1940 and April 1941. The incidence is based entirely on 
the results of serologic tests for syphilis which were routinely performed 
on all selectees. The greatest prevalence of syphilis was reported by 
Florida and South Carolina, with rates of 170.1 and 156 syphilitic men 
per thousand selectees, respectively. The lowest rate was reported by 
New Hampshire, 5.8 per thousand. Seven Southern states and the 
District of Columbia reported rates in excess of 100 per thousand. The 
rate for Negroes was in each state higher than the rate for white men, 
and there were indications that high rates among the white selectees 
were coincidental with the high rates among the Negroes. The average 
rate for the country at large was 45.2 per thousand. 

The authors present tables expressing the rates in terms both of 
white and of Negro selectees for each state and the prevalence of S 3 ^philis 
among selectees classified by the size of the community in which they 
reside. 

Statistics of the Selective Service System indicate that of the first 
2,000,000 men examined, 900,000 were classified as unfit for general 
military service because of physical or mental defects. Of those unquali- 
fied, 57,000 (6.3 per cent) were rejected because of venereal disease. 

55. Vonderlehr, R. A., and Usilton, L. J.: Syphilis Among Selectees and 
Volunteers: Prevalence in First Million Men Examined Under the Selective 
Service Act of 1940, J. A. M. A. 117:1350 (Oct. 18) 1941. 
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The syphilis rate was 27.6 per thousand men examined, the vast majority 
of diagnoses being based on serologic evidence alone. 

The apparent discrepancy between the incidence of positive serologic 
reactions in selectees described by V onderlehr and Usilton and the much 
lower incidence indicated by Selective Service rejections obviously 
depends on different methods of statistical approach. 

Rehabilitation of Men Rejected Because of Venereal Disease . — The 
rehabilitation of rejected examinees is discussed by Reynolds,^" who 
describes the system of epidemiologic follow-up and medical care of men 
rejected by Selective Service agencies in Pennsylvania because of vene- 
real disease. Those found infected were reported to the clinic nearest 
their home for treatment and contact investigation. Of 1,370 patients 
investigated, 704 were given treatment in clinics and 355 by private 
physicians. Sixty contacts were reported, of whom 23 were found to 
be infected. 

D 3 ^ar describes the program set up in San Joaquin count)’-, Calif., 
for utilizing information pertaining to serologic tests for syphilis among 
selectees. A record of all tests is maintained in the state laboratory, and 
the names of all persons with positive or doubtful reactions are referred 
to the State Health Department. Reports are transmitted to the local 
draft board via the examining physician, the names being checked against 
a master file. Follow-up consists of a notification card, a visit and sub- 
sequently a personal interview. The prevalence rate of syphilis among 
men examined by Selective Service agencies was : white men, 3.4 per 
cent; Negroes, 27.3 per cent; Chinese, 12.1 per cent, and Japanese, 2.3 
per cent. Of 129 registrants with positive or doubtful serologic reac- 
tions, 46 were referred to public clinics or private physicians as having 
previously unrecognized syphilis, 33 previously known to have syphilis 
were referred for resumption of treatment, 21 were under active treat- 
ment and 8 were considered adequately treated. Four men were referred 
to clinics in a different locality; 12 were never located, and 5 were 
declared nonsyphilitic. 

Vonderlehr,®® discussing the status of the venereal disease control 
program in times of mobilization, offers a plan to provide effective 
facilities under the Selective Service System for all men found infected 
with venereal disease. The opportunity for contact investigation of these 
men with known syphilis should not be neglected. For the improvement 
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of the entire venereal disease control program, especially as it i elates to 
the present emergency, Vonderlehr recommends: 

(1) Intensive training in the epidemiology of the venereal diseases of otherwise 
qualified new and old follow-up personnel, especially in contact tracing and case 
holding ... 

(2) The development of measures to discourage the present tendency of treat- 
ment sources to over-treat patients with late and late latent syphilis, especially 
when such treatment sources fail to provide adequate therapy and follow-up for 
patients with early infectious venereal diseases. 

Syphilis in the Armed Forces —'Qrown says that as a result of the 
present national emergency the problems of social hygiene and the 
mechanisms of control of venereal disease have assumed a new signifi- 
cance for the armed and the industrial defense forces of the nation. 
In this paper he describes the problems confronting the Navy at this 
time of rapid expansion. When this paper was written, there were 
approximately 150,000 to 200,000 industrial workers employed in the 
various Navy yards. This already exceeds the number of industrial 
workers in Navy yards during the first World War. There is also 
reason to believe that the military personnel of the Navy will also exceed 
that of the first World War. 

No emphasis need be placed on the extreme importance of control of 
venereal disease among naval industrial civilian personnel, as well as 
among naval forces. If a high rate of venereal disease exists, this will 
tend to cause wastage of such workers, as well as retard the construction 
program. 

The problems of venereal disease prevention confronting the Army 
and the Navy are chiefly administrative and fall into two divisions: 
those directly under military jurisdiction, and those under the jurisdic- 
tion of the civil authorities, the United States Public Health Service 
and the state and local health and police agencies, as well as voluntar)'- 
organizations, headed by the American Social Hygiene Association. 
By far the most pressing problems are presented in the second division, 
since the source of venereal infection of military personnel is in the 
civilian population. 

There is considerable variation in 'the incidence rate of gonorrhea 
in various naval ports. Twenty cities were involved in this study, the 
average rates per thousand of personnel varying from 106 for New 
Orleans to 11.6 for Annapolis, Md. San Francisco had the second 
highest rate, 60.3, and New York the eleventh, 28.1. These differences 
suggest considerable variation in the status of venereal disease hazards 
among the civilian populations of the different localities. 

60. Brown, E. W. ; The Navy and Social Hygiene in National Defense War 
Med. 1:511 (July) 1941. 
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As to the control of venereal disease in the Navy, there is a fivefold 
program in force : 

... (a) educational; (b) prophylactic; (c) disciplinary; (d) recreational, 

and (e) medical. A sixth line of action falls under legal and protective activities 
for the reduction of prostitution and prevention of delinquency in areas adjacent 
to naval concentrations primarily under civil direction but with the cooperation of 
naval authorities. 

Each of these measures is discussed in some detail. 

As to the sixth point in the program, the extreme importance of the 
agreement by the War and the Navy Department and other agencies 
for the control of venereal disease is recognized, and the Secretary of 
War and the Secretary of the Navy have asked the cooperation of the 
Surgeon General of the United States Public Health Service in devel- 
oping the best facilities possible for the control of venereal disease among 
civilians. Although the principles of venereal disease control had beer 
determined, the division of responsibility among these various units had 
not been definitely established. 

In July 1940 the Navy Department directed the naval medical officer; 
to report all sources of venereal infection to the local health authorities 
The local and the state health agencies are reporting contacts of enlisted 
men with infected civilians to senior medical officers. Those procedures 
are of tremendous importance as aids in case finding. 

The task confronting the civilian authorities may be considered from 
two angles : first, the control of infection among prostitutes and, second, 
the reduction of prostitution. In spite of the fact that prostitution 
cannot be entirel}" eliminated, it can be controlled within certain limits. 
There are existing laws in most localities under which the state and 
municipal health and police authorities can place under arrest, quarantine 
or insist on treatment of prostitutes known to have or suspected of having 
a venereal disease. 

Two examples are given of what may be accomplished by the effective 
coordination of plans between the Army and the Public Health Service, 
on the one hand, and the local authorities with the aid of the American 
Social Hygiene Association, on the other. In the first instance during 
Arm)^ maneuvers in Minnesota 40,000 men were in a given area for six 
weeks. During this time there were only 6 infections with gonorrhea, or 
less than 1 per 6,000 men, and no cases of syphilis were reported. In the 
second instance a control program was applied to a concentration of 
troops in an area lying in two adjoining Southern states. There was 
the usual influx of prostitutes to the extramilitary zone, and the vene- 
real disease rate rose to about 62 per thousand. However, as a result 
of a coordinated program adopted, this rate was reduced by half within 
four months. 



REYNOLDS ET AL.—SYPHILIS 


861 


A significant study of syphilis in the Navy has been made by 
Mast.®^ This study, documented by extensive statistical material, covers 
the ten year period from 1929 to 1938, inclusive. Mast concludes : 

(1) The highest new admission rates for syphilis were found among the Forces 
afloat, and Forces ashore stationed in foreign territor 3 ^ 

(2) The type of ship in relation to the size of the medical department has no 
bearing on the syphilis rates. The location and activity (movement) have a direct 
relationship to the rate. 

(3) The admission rates for syphilis are highest where the economic and social 
standards are lowest ; as local conditions approach those found in the United States, 
the local rates tend to reach the United States level. 

(4) The level of intelligence and education required for an occupation is probably 
the most important single item influencing the rates for syphilis in the occupational 
groups. The greater the intelligence required, the lower the rate. (One exception 
is apprentice seamen who spend about six months of the first year in the training 
station.) 

(5) The effect of sex education is not conclusive. 

(6) Measures for the control of syphilis should be augmented in the Forces 
afloat who are stationed in the Asiatic area, and among those who are constantly 
en route, such as the Naval Transportation Service. They should also be further 
strengthened where Forces are serving ashore in foreign countries. 

(7) Measures for the control of syphilis must be concentrated on the men who 
have had several years of naval service, the highest rate being in the third enlist- 
ment period. 

Youngkin discusses the educational program of the Navy with 
respect to venereal disease on the basis of a questionnaire circulated 
among the crew of a naval vessel, A surprising lack of knowledge and 
distortion of fact was found, despite the fact that lectures on syphilis 
and its prophylaxis had been given. Youngkin believes the primary 
medium for an educational program should be the printed page, supple- 
mented by such additional types of instruction as discussion groups and 
motion pictures. 

Angwin®® considers “station” prophylaxis objectionable because of 
the excessive time lag between venereal exposure and treatment. To 
provide early prophylaxis, the author recommends a readily portable 
packet containing condoms, soap and mild mercurous chloride ointment. 

Venereal Disease Control Officers in the Armed Services . — During 
World War I it was demonstrated that the adequate control of venereal 
diseases required the emplo 3 '-ment by the armed forces of medical 
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personnel who would devote full time to this work. Under this system 
the venereal disease rate in the Army during the first World War fell 
off noticeably instead of doubling, as in every previous conflict. 

The armed services during World War II have utilized this experi- 
ence and are now training medical officers with clinical and public 
health experience and assigning them as venereal disease control officers. 
These men will function within the Army and the Navy, maintaining 
liaison with governmental and civilian police and public health agencies 
which are likewise concerned. 

Proposed duties include improvement of the educational program, 
cooperation to provide adequate recreational facilities, maintenance of 
adequate facilities for prophylaxis, provision for the detection of cases 
of early disease, supervision of facilities for diagnosis and treatment of 
military personnel, close cooperation with other agencies and the collec- 
tion and analysis of morbidity data. 

SYPHILIS AND INDUSTRY 

The growing tendency of industry to promote mass serologic testing 
for syphilis and the injustices to employees which have at times resulted 
therefrom have been discussed editorially by Moore.®® 

In his opinion. 

It is most important that persons shall not be employed (a) who may transmit 
an infectious disease to others ; (b) whose physical disabilities may create increased 
industrial hazard of injury to themselves or others; or (c) whose physical dis- 
abilities may result, whether from injury or illness, in an increased actuarial risk 
of disability benefits, pensions, or death benefits. 

Because the United States Civil Service Commission is the largest 
employer in the nation, its policy toward applicants with syphilis has 
been watched closely by private industries. Since Januar}'^ 1939 the 
United States Public Health Service has cooperated with the Commis- 
sion to bring its policy into line with modern knowledge. Anderson 
reviews the achievements to date and the recommended objectives for 
the future. 

Brown ®‘ points out that the importance of syphilis as a government 
industrial problem has been increased by the rapid expansion of industry 
engaged in war work. On July 1, 1941 the combined civil personnel 
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under the control of the Army and the Navy was approximately 493,000. 
The author indicates that venereal disease control measures applicable 
to the armed services must be modified to fit industrial needs. A pro- 
posed program for syphilis control in naval government industry is 
outlined to include administrative approval by the Civil Service Com- 
mission and the Navy, education both of executives and of laborers, 
preemploynient and reemployment serologic tests, disposition of infected 
workers in accord with modern knowledge, confidential records 
and repression of prostitution. Brown believes that federal government 
industry should take the initiative in venereal disease control. 

In the formulation of an industrial syphilis control program Gillick 
and Buxell recommend ( 1 ) a policy-making group, consisting of 
competent representatives both of the employer and of the employees, 
together with experienced medical consultants; (2) an educational 
campaign to precede the institution of the program; (3) voluntary 
participation by employees; (4) maintenance of confidential relations; 
(5) individualized decisions by competent specialized medical con- 
sultants as to employment, continued employment and changes to less 
hazardous positions ; (6) adequate examinations ; (7) individualized 
treatment, to be given within industry only when adequate treatment 
cannot be obtained elsewhere, and (8) integration of the industrial 
program with the community’s program. 

Some information as to the present status of syphilis control in 
industry was obtained by McGrath,®” using the questionnaire method. 
Of 175 industrial concerns questioned, 60 per cent include a serologic 
test in at least some of their medical examinations and only 4 per cent 
discharge infected employees. Twenty per cent retain their old workers 
when infection is found but refuse to hire new workers who are syph- 
ilitic, and 73 per cent retain all employees with positive reactions and 
insist that they receive adequate treatment. Employees are not treated 
in the majority of plants but are sent to private physicians. 

DRUGS 

Chlorarsen . — ^This is a mixture of 3-amino-4-hydroxyphenyldi- 
chlorarsine hydrochloride with sodium citrate, believed to be identical 
with mapharsen on solution and after intravenous injection. Tompsett 
and his co-workers have studied the mixture in a series of animal 
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experiments and subsequently in clinical use in 171 patients. The 
compound is considered by them to be safe and effective in the treatment 
of syphilis as judged by: 

. . . (1) rapid production of darkfield negativity of early lesions; (2) prompt 

healing of early lesions; (3) effectiveness in producing seronegativity in early 
syphilis; (4) low percentage of relapses; (5) low incidence of abnormal spinal 
fluids in early syphilis; (6) absence of severe immediate reactions to its adminis- 
tration and relatively low number of reactions in general. 

Alture and co-workers have also tested this mixture for toxicity 
and as a trypanocidal and a spirocheticidal agent in animals. When 
injected intraperitoneally in mice or intravenously in rats, chlorarsen 
was found to have a toxicity approximately the same as that of 
mapharsen. Its trypanocidal activity against Trypanosoma equiperdum 
in rats and its spirocheticid action, whether in vitro or in vivo in rabbits, 
were found to be at least as great as those of mapharsen. 

Oxiarsolan (Arsenoxide Hydrochloride) . — Another arsenoxide com- 
parable to mapharsen (arsenoxide hydrochloride [oxiarsolan] ) has been 
developed at the Bacteriologic Institute of Chile. The chemical features 
of this drug have been described by Ceruti and its clinical apidicability 
to massive dose arsenotherapy by Infante."® The therapeutic efficacy 
and the toxicity of this compound are similar to those of mapharsen. 

Colloid and Crystalloid Fractions of Arsenicals. — Wright and 
Rodman have investigated the comparative distribution and retention 
of the whole drug and the crystalloid and the colloid fraction of arsphen- 
amine and neoarsphenamine in the tissues of the rat. At intervals after 
intravenous administration of the drugs the animals were killed and 
various tissues analyzed. The results indicate that the colloid fraction 
either of arsphenamine or of neoarsphenamine is long retained in the 
body, whereas the crystalloid fraction is rapidly eliminated. 

Experimental Study oj Arsenical Compounds. — Having previously 
studied the effects on toxicity and spirochetocidal activity of the introduc- 
tion of simple substituent groups into phenylarsenoxide, Eagle and his 
co-workers now report the effect of multiple substituents. The effect 

71. Alture, W. E. ; Rake, G. ; Van Dyke, H. B., and Walker, H. A. : Experi- 
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on potential therapeutic utility (rate of spirocheticidal activity in vitro : 
mouse toxicity) could not regularly be anticipated from the effect of the 
groups acting singly. In general, except for certain of the aminophenols 
combinations of two or three groups were no more favorable, and often 
were distinctly less favorable, than the best one of the constituent 
groups. 

In a survey preliminar)'’ to further studies with arsenicals used in 
syphilotherapy, du Pont, Ariel and W arren have determined the dis- 
tribution of arsenic in the bodies of normal rabbits, using radioactive 
arsenic as a tracer, or tag, for a simple arsenic salt, sodium dihydrogen 
arsenate (NaHoAsO^). The authors summarize their experience as 
follows : 

1. The distribution of radioactive arsenic when injected intravenously as sodium 
arsenate in subtoxic doses is relatively nonuniform. 

2. The r-apid excretion by the urine seems to be independent of the period of 
highest concentration in the kidney. 

3. Both concentration and total content are high in liver, kidney, and lungs 
during the first three hours after injection, after which the values in these organs 
rapidly fall off. 

4. While the concentration is relatively low in muscle, bone, and skin, the total 
content is relatively high ; thus these organs are the main storage sites in the body. 

5. The concentrations in spleen, bone marrow, stomach, and intestinal walls reach 
fairly high levels but the duration of these high levels is relatively short. 

6. The cancellous bone does not seem to fix arsenic after a single, subtoxic dose 
any more permanently than does any other tissue. 

7. At the dosage level used (2 mg, total) there is very little radioactive arsenic 
detectable in any organ after one week. 

8. Tumor takes up arsenic in a significant concentration and loses it by the 
fourth day. Tumor destroyed by roentgen radiation seems to take up little of 
the arsenic in the few cases studied. 

This novel method of determining the distribution and concentration 
of arsenic in tissues and body fluids gives promise of significant advances 
to knowledge of arsenotherapy. 

Bismuth Ethyl Camphorate . — Alexander and Schoch report the 
results of treating 26 patients with early syphilis with bismuth ethyl 
camphorate. This preparation is a liposoluble bismuth salt of ethyl 
camphoric acid, having 23.47 per cent bismuth, or 40 mg. of elemental 
bismuth per cubic centimeter. Only patients with primary or secondary 
syphilis with spirochetes demonstrable by dark field examination were 
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chosen for these studies. Each patient was given 2 cc. of bismuth ethyl 
camphorate intramusculaidy at seven day intervals. The authors believe 
on the bases of disappearance of surface spirochetes, healing of lesions 
and serologic response that bismuth ethyl camphorate given in this 
dosage is a valuable adjunct to the arsphenamines in the treatment 
of syphilis. 

Sobisminol. — Batchelor, Murrell and Thomson report a limited 
experience with the oral use of sobisminol mass. They' believe that 
sobisminol mass can and should have a place in the treatment of those 
persons who cannot attend regularly for injection therapy — e. g., seamen 
and those patients who are intolerant of arsenic and in whom for any 
reason injection therapy is contraindicated. With their suggestion that 
the drug is also indicated in patients “who show persistently positive 
serological tests in spite of long continued parenteral treatment,” few 
phy'sicians in this country' would agree. 

The successful oral use of sobisminol mass in the treatment of syphilis 
has stimulated the development of closely related bismuth complexes as 
possible substitutes. A report by Van Winkle and Hanzlik gives the 
results of a study' on the gastrointestinal absorption and the toxicity of a 
new compound prepared from the same ingredients which enter into the 
composition of sobisminol mass. This compound was prepared by Miller, 
whose original objective was to determine the chemical nature of sobis- 
minol mass. He was unable to isolate any pure products from the 
reaction between sodium bismuthate and triisopropanolamine in prop- 
y'lene gly'col. He therefore carried out a reaction between sodium 
bismuthate and triisopropanolamine in xylene instead of in propy'lene 
glycol and was able to obtain a definite chemical compound, which has 
been named sodium bismuthyltriisopropanolamirie. This same com- 
pound was produced when bismuth hydroxide was used instead of the 
bismuthate. The compound prepared with the hydroxide has been used 
in the present experiments. 

So far as the possible use of this drug for the treatment of syphilis 
was concerned, the results were disappointing, The drug was introduced 
into ligated loops of the small intestines of laparotomized cats, and evi- 
dence of absorption was determined by a positive reaction for bismuth 
in the urine. As a control, sobisminol solution was introduced into the 
ligated loops of the same cats after the completion of the test with the 
new drug. After the introduction into the small intestine of 60 and 
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100 mg., respectively, of the new bismuth preparation, no bismuth could 
be detected in the urine. However, after the introduction oi 60 mg. of 
sobisminol solution, bismuth was readily demonstrated in the urine. 
Since the drug was not absorbed, it was nontoxic to white rats. 

Absorption of Compounds Containing Bismuth. — Sproull and 
Lehman have studied the factors influencing the absorption of water- 
soluble compounds containing bismuth from muscle and from the intes- 
tinal mucosa. (The influence of such factors as pn, apparent bismuth 
ion concentration [stability toward chemical reagents] and salt con- 
centration was investigated.) The rate of intramuscular absorption at 
comparable hydrogen ion concentrations was found to be a function 
of the chemical stability. The order of absorption, beginning with the 
most rapidly absorbed compound, was thio-bismol, sodium bismuth 
triglycollamate, sodium bismuth cevitamate, sodium bismuth citrate, 
potassium bismuth saccharate, bismuth and potassium tartrate with 
sucrose and bismuth and potassium tartrate alone. A change in pn 
away from the physiologic level was found to cause a small but significant 
decrease in the absorption rate of sodium bismuth triglycollamate, but 
there was no significant change in the absorption rate of potassium and 
bismuth tartrate. Absorption after oral administration was also found 
to be a function of the chemical stability, but the relation was less pro- 
nounced and was modified in individual animals. 

Distribution and Storage of Compounds Containing Bismuth . — 
Brown and Kolmer have determined the distribution and the storage 
of bismuth in normal rabbits following the oral administration of 
sobisminol solution and water-soluble bismuth and potassium tartrate, 
controlling and comparing their results with intramuscular injections 
of both compounds in the same total dose in terms of elemental bismuth. 
They found that the urinary execretion of bismuth after oral admin- 
istration of sobisminol solution was similar to that after its intramuscular 
injection, whereas with bismuth and potassium tartrate excretion was 
greater after intramuscular injection. The storage of bismuth after oral 
administration was similar to that after intramuscular injection. To 
obtain approximately equal bismuth storage in the tissues about thirty- 
five times as much bismuth had to be given orally as by intramuscular 
injection. 
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Toxicity of Compounds Containing Bismuth Administered Intra- 
venously. — Sollmann and Seifter report pharmacologic studies on three 
water-soluble compounds containing bismuth administered intravenously 
to experimental animals in which they compare the toxicity and the 
distribution of bismuth following acute injection with the results of slow 
injection by intravenous drip. The toxicity of sodium bismuth citrate 
and of sobisminol solution injected slowly was about half that following 
acute injection, but this was not noted with the more unstable thio- 
bismol. In rabbits the fatal dose by intramuscular injection was five 
to ten times higher than that given by slow intravenous injection. 

In dogs the maximal concentration of bismuth in the blood following 
rapid injection was about four times that following intravenous drip, 
but by the end of two hours the concentration was similar with both 
methods. The product of average concentration and total time was about 
one-fifth higher with rapid, than with gradual, injection of a given dose. 
The concentration of bismuth in organs varied directly with the dose and 
inversel)'’ with the time elapsed since the injection, but the nature of the 
compound containing bismuth and the speed of injection had no signifi- 
cant bearing. 

Localization of Bismuth in the Kidney. — Kroll and his co-workers 
have demonstrated that the kidney of the normal rabbit does not 
accumulate amounts of thio-bismol sufficient for its roentgen visualiza- 
tion. On the other hand, in rabbits with preexisting renal damage 
injected thio-bismol could be demonstrated in the kidneys as radiopaque 
shadows in roentgenograms. The authors warn against the use -of thio- 
bismol or similar compounds in the presence of damaged kidneys and 
draw attention to the possibility of demonstrating such damage roentgen- 
ographically after administration of a compound containing bismuth. 

Bismuth Transfer into Fetal Circulation. — Thompson, Steadman 
and Pommerenke,®’^ using spectrochemical methods, have shown that 
after oral administration of sobisminol mass there is a prompt appearance 
of bismuth in the maternal and the fetal blood and in the placenta and the 
umbilical cord. On the basis of the rapid transfer of bismuth to the fetal 
circulation after treatment Avith sobisminol mass, the authors considei 
this drug worthy of use in antepartum syphilotherapy. 

82. Sollmann, T., and Seifter, J. : Intravenous Injections of Soluble Bismuth 
Compounds : Their Toxicity, and Their Sojourn in the Blood and Organs, J. Phar- 
macol. & Exper. Therap. 74:134 (Feb.) 1942. 
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TREATMENT 

As cleverly phrased by Osmond,®® 

The treatment of syphilis resolves itself essentially into two parts, that of early 
syphilis and that of late syphilis. . . . Early syphilis calls for a violent frontal 
attack, late syphilis for steady siege methods; the object of the former is to deal 
the spirochaete a knock-out blow; that of the latter to maintain the patient’s 
resistance and prevent the invader from doing further damage. 

Somewhat inconsistently, he expresses a preference for the “concurrent- 
intermittent” form of therapy, in which an arsenical and a compound 
containing bismuth are given at the same time in courses of ten weekly 
injections of each, the courses being separated by rest intervals of a 
few weeks — not the most “violent frontal attack” conceivable. 

Marin outlines the clinical course and therapy of early syphilis. 
Impressed by the number of patients who fail to complete routine 
treatment and by the results of massive dose arsenotherapy, the author 
recommends concentrated therap}^ combining weekl}^ injections of neo- 
arsphenaniine and a compound containing bismuth for the first five 
months, followed by alternate courses of these drugs for one year after 
seronegativity is attained. The number of toxic reactions to this form 
of treatment compared favorably with the number occurring with the 
usual alternating therapy and were notably fewer than those occurring 
with the intravenous drip method. A five year period of surveillance 
following completion of treatment was considered adequate. 

Midina®" lists the causes of treatment resistance to antisyphilitic 
agents as reduced pharmacologic activity of the preparation, abnormal 
constitutional reaction of the host and strain variation in the spirochete. 
Of the three hypotheses, Midina considers the last to be most impor- 
tant, basing his conclusion on observations of treatment-resistant infec- 
tions in marital partners. 

/ 

UNTOWARD EFFECTS OF TREATMENT 

Mortality Data .' — Further data regarding the incidence of toxic 
reactions to arsenicals have been compiled by Stephenson, Chambers 
and Anderson.®® For the past sixteen years medical officers of the 
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Navy have been required to submit reports of the number of doses 
of arsenicals administered and the reactions therefrom. In this period 

1.686.000 injections of various arsenicals have been given, with 51 fatal 
reactions, a ratio of 1 death to every 33,072 injections. Fifty of the 
51 deaths were due to neoarsphenamine and 1 to arsphenainine. Two 
hundred and three thousand, one hundred injections of mapharsen 
have been given without fatality. Of 859 reactions recorded, 352 were 
ascribed to vasomotor phenomena and 326 to arsenical dermatitis. 

In an extensive and timely review of fatal reactions to antisyphilitic 
treatment Hahn reviews the literature and analyzes deaths due to 
treatment occurring at the Johns Hopkins Hospital. Hahn summarizes 
his study as follows : 

1. The only long-term modern statistics concerning the mortality rate of anti- 
syphilitic treatment are those of the United States Navy. Reliable data on the 
incidence of hemorrhagic encephalitis are not available. 

2. During a twenty-seven-year period, there have been 22 deaths directly attribu- 
table to trivalent arsenicals administered in the Syphilis Clinic of the Johns Hopkins 
Hospital. The mortality rate was one in 1,250 treated patients, with one death 
to each 12,000 injections. During a sixteen-year period, there has been 1 death 
directly attributable to bismuth among 19,550 patients given 175,000 injections. There 
have been no fatalities from 17,000 injections of tryparsamide. In the three-year 
period 1937 to 1940, 4,800 patients have been given 64,000 injections of a trivalent 
arsenical without a fatality. The majority of these have been treated with 
mapharsen. 

3. The mortality rate was three times as great for the negro as for the white 
patients, and twice as great for females as for males. The more frequent occurrence 
of acute yellow atrophy among women entirely accounted for the sex difference. 

4. The mortality rate among approximately 4,000 women treated during preg- 
nancy was essentially the same as the mortality rate among approximately 9,200 
women treated when not pregnant. That the pregnant woman does not represent 
an increased risk is further borne out by the fact that among a total of 45 fatal 
reactions to trivalent arsenicals, 25 occurred in women, of whom only 4 were preg- 
nant or post partum. 

5. The mortality rate among patients with early syphilis was 1 to 2,800 treated 
patients. This low death rate is probably attributable to their relative youth and 
freedom from concomitant disease, rather than to the stage of their syphilis. This 
interpretation seems most likely since 60 per cent of a total of 45 fatal reactions 
occurred in patients over 30 years of age, and 50 per cent in patients subjected to 
the additional strain of concomitant organic disease or toxic factors. 

6. Hemorrhagic encephalitis occurred only twice among 27,400 patients given 

270.000 injections of trivalent arsenicals in the Syphilis Clinic of the Johns Hopkins 
Hospital. Onl}'' one of these two reactions was fatal. An additional fatality resulted 
from treatment administered elsewhere. Thus, of the total of 45 fatal reactions, 
only 2 are attributable to hemorrhagic encephalitis. 

89. Hahn, R. D. ; Antisj^philitic Treatment: Mortality Studies; a Clinical, 
Statistical and Pathologic Analysis of Forty-Seven Fatal Reactions, Am. J. Syph., 
Conor. & Ven. Dis. 25:659 (Nov.) 1941. 
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7. Acute 3 ’’ellow atrophj' of the liver was the most frequent cause of death, 
accounting for nearly 50 per cent of the fatalities. The case incidence was one 
in 2,300 treated patients; the injection incidence, one in 22,500 trivalent arsenical 
injections. Acute yellow atrophy occurred 20 times over a seventeen-year period. 
Fifteen of the 20 patients were women, of whom 4 were pregnant or post partum. 
Other conditions conducive to liver damage were present in at least ,8 additional 
patients. The hepatic necrosis must, however, be attributed primarily to the 
arsenicals, perhaps conditioned by a diet deficient especially in the vitamin B-complex. 

8. Fatal reactions due to dermatitis or blood dyscrasias were next in order of 
frequency. The remainder of the deaths, more than one-sixth of the total, were 
due to a miscellaneous group of immediate, as contrasted with delayed, arsenical 
reactions. One of these occurred as a result of multiple fat embolism consequent 
upon an intramuscular injection of bismarsen. 

9. Arsphenamine was responsible for 50 per cent of the fatalities. One death, 
an aplastic anemia, was due to mapharsen. Excessive dosage was a contributing 
factor in only one patient, a child. 

10. Fatal reactions, with the exception of the blood dyscrasias, tend to occur 
relatively early in the course of treatment, after 10 or less injections. 

11. It is estimated that of the entire group of 45 arsenical reactions almost one- 
half might have been prevented by careful consideration of the patient’s general 
physical condition and appropriate modification of therapy, avoidance of technical 
errors, and prompt cessation of treatment when signs of major intolerance appeared. 
By this latter precaution, nearly all deaths due to blood dyscrasias could have 
been prevented. 

12. Autopsy data are presented in 35 cases. The most frequent anatomic findings 
were hepatic necrosis, dermatitis, and hypoplasia of the bone marrow. Multiple 
hemorrhages were a frequent finding but occurred always in association with acute 
yellow atrophy, blood dyscrasias, or fat embolism, conditions in which, irrespective 
of etiology, such hemorrhages are common. 

13. The mortality rate of routine therapy administered to patients of all ages 
and degrees of debility is less than one-third that of massive dose arsenotherapy 
administered to a selected group of young adults with early syphilis. The mortality 
rate for a similarly selected group under routine therapy is less than one-seventh 
that of massive dose therapy. Further, the case incidence of hemorrhagic encephalitis 
with massive dose arsenotherapy is sixty to seventy times that of routine therapy. 

Levin and Keddie®° supmarize the literature on the toxic effects 
of mapharsen, noting that although 12,000,000 ampules have been 
manufactured, only 6 fatalities have been reported. The deaths were 
reported as due to renal damage in 2 cases, hemorrhagic encephalitis 
in 1 case, aplastic anemia in 2 cases and acute agranulocytosis in 1 
case. About 85 per cent of the patients who have mild or moderate 
cutaneous reactions to the arsphenamines can tolerate mapharsen, but 
those who have true exfoliative dermatitis almost always react simi- 

90. Levin. E. A., and Keddie, F.: Toxic Effects Following the Use of 
Mapharsen: A Review of the Literature Since 1935, J. A. M. A. 118:368 fTan 31') 
1942. 
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Navy have been required to submit reports of the number of doses 
of arsenicals administered and the reactions therefrom. In this period 

1.686.000 injections of various arsenicals have been given, with 51 fatal 
reactions, a ratio of 1 death to every 33,072 injections. Fifty of the 
51 deaths were due to neoarsphenamine and 1 to arsphenamine. Two 
hundred and three thousand, one hundred injections of mapharsen 
have been given without fatality. Of 859 reactions recorded, 352 were 
ascribed to vasomotor phenomena and 326 to arsenical dermatitis. 

In an extensive and timely review of fatal reactions to antis 3 ^philitic 
treatment Hahn reviews the literature and analyzes deaths due to 
treatment occurring at the Johns Hopkins Hospital. Hahn summarizes 
his study as follows : 

1. The only long-term modern statistics concerning the mortality rate of anti- 
syphi/itic treatment are those of the United States Navy. Keliabfe data on the 
incidence of hemorrhagic encephalitis are not available. 

2. During a twenty-seven-year period, there have been 22 deaths directly attribu- 
table to trivalent arsenicals administered in the Syphilis Clinic of the Johns Hopkins 
Hospital. The mortality rate was one in 1,250 treated patients, with one death 
to each 12,000 injections. During a sixteen-year period, there has been 1 death 
directly attributable to bismuth among 19,550 patients given 175,000 injections. There 
have been no fatalities from 17,000 injections of tryparsamide. In the three-year 
period 1937 to 1940, 4,800 patients have been given 64,000 injections of a trivalent 
arsenical without a fatality. The majority of these have been treated with 
mapharsen. 

3. The mortality rate was three times as great for the negro as for the white 
patients, and twice as great for females as for males. The more frequent occurrence 
of acute yellow atrophy among women entirely accounted for the sex difference. 

4. The mortality rate among approximately 4,000 women treated during preg- 
nancy was essentially the same as the mortality rate among approximately 9,200 
women treated when not pregnant. That the pregnant woman does not represent 
an increased risk is further borne out by the fact that among a total of 45 fatal 
reactions to trivalent arsenicals, 25 occurred in women, of whom only 4 were preg- 
nant or post partum. 

5. The mortality rate among patients with early syphilis was 1 to 2,800 treated 
patients. This low death rate is probably attributable to their relative youth and 
freedom from concomitant disease, rather than to the stage of their syphilis. This 
interpretation seems most likely since 60 per cent of a total of 45 fatal reactions 
occurred in patients over 30 years of age, and 50 per cent in patients subjected to 
the additional strain of concomitant organic disease or toxic factors. 

6. Hemorrhagic encephalitis occurred only twice among 27,400 patients given 

270.000 injections of trivalent arsenicals in the Syphilis Clinic of the Johns Hopkins 
Hospital. Only one of these two reactions was fatal. An additional fatality resulted 
from treatment administered elsewhere. Thus, of the total of 45 fatal reactions, 
only 2 are attributable to hemorrhagic encephalitis. 

89. Hahn, R. D. : Antisyphilitic Treatment : Afortality Studies ; a Clinical, 
Statistical and Pathologic Analysis of Fortj'’-Seven Fatal Reactions, Am. J. Syph., 
Conor. & Ven. Dis. 25:659 (Nov.) 1941. 



REYNOLDS ET AL.— SYPHILIS 


871 


7. Acute yellow atrophy of the liver was the most frequent cause of death, 
accounting for nearly 50 per cent of the fatalities. The case incidence was one 
in 2,300 treated patients; the injection incidence, one in 22,500 trivalent arsenical 
injections. Acute yellow atrophy occurred 20 times over a seventeen-year period. 
Fifteen of the 20 patients were women, of whom 4 were pregnant or post partum. 
Other conditions conducive to liver damage were present in at least ,8 additional 
patients. The hepatic necrosis must, however, be attributed primarily to the 
arsenicals, perhaps conditioned by a diet deficient especially in the vitamin B-complex. 

8. Fatal reactions due to dermatitis or blood dyscrasias were next in order of 
frequency. The remainder of tlie deaths, more than one-sixth of the total, were 
due to a miscellaneous group of immediate, as contrasted with delayed, arsenical 
reactions. One of these occurred as a result of multiple fat embolism consequent 
upon an intramuscular injection of bismarsen. 

9. Arsphenamine was responsible for 50 per cent of the fatalities. One death, 
an aplastic anemia, was due to mapharsen. Excessive dosage was a contributing 
factor in only one patient, a child. 

10. Fatal reactions, with the exception of the blood dyscrasias, tend to occur 
relatively early in the course of treatment, after 10 or less injections. 

11. It is estimated that of the entire group of 45 arsenical reactions almost one- 
half might have been prevented by careful consideration of the patient’s general 
physical condition and appropriate modification of therapy, avoidance of technical 
errors, and prompt cessation of treatment when signs of major intolerance appeared. 
By this latter precaution, nearly all deaths due to blood dyscrasias could have 
been prevented. 

12. Autopsy data are presented in 35 cases. The most frequent anatomic findings 
were hepatic necrosis, dermatitis, and hypoplasia of the bone marrow. Multiple 
hemorrhages were a frequent finding but occurred always in association with acute 
yellow atrophy, blood dyscrasias, or fat embolism, conditions in which, irrespective 
of etiolog)-, such hemorrhages are common. 

13. The mortality rate of routine therapy administered to patients of all ages 
and degrees of debility is less than one-third that of massive dose arsenotherapy 
administered to a selected group of young adults with early syphilis. The mortality 
rate for a similarly selected group under routine therapy is less than one-seventh 
that of massive dose therapy. Further, the case incidence of hemorrhagic encephalitis 
with massive dose arsenotherapy is sixty to seventy times that of routine therapj'. 

Levin and Keddie®” supmarize the literature on the toxic effects 
of mapharsen, noting that although 12,000,000 ampules have been 
manufactured, only 6 fatalities have been reported. The deaths were 
reported as due to renal damage in 2 cases, hemorrhagic encephalitis 
in 1 case, aplastic anemia in 2 cases and acute agranulocytosis in 1 
case. About 85 per cent of the patients who have mild or moderate 
cutaneous reactions to the arsphenamines can tolerate mapharsen, but 
those who have true exfoliative dermatitis almost always react simi- 

90. Levin, E. A., and Keddie, F.: Toxic Effects Following the Use of 
Mapharsen: A Review of the Literature Since 1935, J. A. M. A. 118:368 (Jan. 31) 
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that iieoarsphenamine should be used with particular care during times 
when the ineteorologic environment is unusually disturbed, when 
seasonal effects are more pronounced and during periods of undue cold. 

Observations of Nedzel also seem to indicate a seasonal incidence 
of toxic reactions to neoarsphenamine. In winter neoarsphenamine was 
somewhat more toxic for rabbits and for white rats in comparison with 
the same dose given under similar conditions in the autumn. A greater 
percentage of animals died on days when the temperature was low 
and the barometric pressure high; also when the temperature was 
unusually high and the barometric pressure falling abruptly. There 
was greater damage to the liver among the surviving rabbits in winter 
than in autumn. 

Untoward Effects of Bismuth Therapy . — Severe ulcerative stoma- 
titis and nephrosis each have been frequently observed and separately 
reported as a toxic effect of the use of bismuth in syphilotherapy. 
The simultaneous occurrence of these complications is reported by 
Peters in a series of 6 patients observed in the Syphilis Clinic of 
the Johns Hopkins Hospital. Seeking to explain the cause of these 
reactions Peters points out the similarity between the pharmacologic 
and the toxic behavior of bismuth and of lead. As with the latter 
heavy metal, bismuth may be mobilized and liberated from tissue 
storage depots during acidosis. In the 5 patients on whom the test 
was performed, the carbon dioxide-combining power of the blood was 
found to be lowered. The suggestion is made that bismuth be adminis- 
tered with caution to patients who are prone to acidosis. 

Having had twelve months’ experience in the tropics under war 
conditions. Wells and SewelH® report that during the hot season 
patients receiving both neoarsphenamine and a compound containing 
bismuth are especially prone to albuminuria and microscopic hematuria, 
without, however, other evidence of impaired renal function. It is 
believed that with excessive concentration of the urine the excretion 
of heavy metals by the kidneys may result in a toxic concentration in 
the convoluted tubules. 

96. Nedzel, A. J. : (a) Daily Variations in the Toxicity of Neoarsphenamine 

in Rabbits, J. Lab. & Clin. Med. 27:715 (March) 1942; (&) Daily Variations in 
the Toxicity of Neoarsphenamine in White Rats, ibid. 27:719 (March) 1942; 
(c) Seasonal Injuries of Liver and Kidneys Due to Neoarsphenamine, Am. J. Syph., 
Conor. & Ven. Dis. 26:209 (March) 1942. 

97. Peters, E. E. : Bismuth Stomatitis and Albuminuria, Am. J. Syph., Conor. 
& Ven. Dis. 26:84 (Jan.) 1942. 

98. Wells, H. C., and Sewell, S. A. : Albuminuria in the Treatment of Syphilis 
in the Tropics, J. Roy. Nav. M. Serv. 4:389 (Oct.) 1941. 
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EARLY SYPHILIS 

Infectious Relapse . — Stressing the public health aspects of infectious 
relapse in syphilis and the difficulties in detecting the lesions of relapse, 
Kern discusses 80 cases from the files of the Vanderbilt University 
Hospital Clinic, concluding: 

1. Relapse occurs most frequently in patients whose treatment is begun in the 
primary stage of infection, slightly less frequently when treatment is begun in 
the secondary stage, and extremeb’’ infrequentb' when it is begun in the latent stage. 

2. Two-thirds of the patients developing mucocutaneous relapse have lesions at 
sites which are particularly favorable for transmission of infection. 

3. Relapse is characterized by paucity of lesions. The latter are usually papular 
or annular in tj'pe. 

4. Serologic tests for syphilis are positive in practically 100 per cent of relapse 

cases. > 

5. Eighty per cent of recurrent lesions (relapse) develop in the first two years 
of infection if treatment is suboptional. If optimal treatment is given, relapse may 
be delayed beyond the usual time. Two-thirds of the cases of relapse occur within 
one year after treatment ceases. 

6. As a rule, the frequency of relapse decreases as the number of arsenical 
injections increases. . . . 

7. The accepted standard of adequate treatment will not prevent infectious relapse 
in all cases. 

Osseous Lesious . — Reynolds and Wassennan have been able to 
find in the available literature 15 cases of destructive bone lesions asso- 
ciated with early syphilis and report 15 of their own cases of a similar 
condition. Their cases were encountered among some 10,000 instances 
of early syphilis observed in the Syphilis Division of the Medical Clinic 
and the wards of the Johns Hopkins Hospital from 1919 to 1940. 
Included are examples of osteitis, osteomyelitis and osteoperiostitis. 

The bones of the skull are most frequently affected; the frontal, 
the parietal and the nasopalatine bones are especially vulnerable. The 
sternoclavicular region ranks next. The long bones are not as com- 
monly involved. 

The cardinal s}'raptoms of destructive bone lesions are pain and 
localized tumefaction. The pain varies markedly in intensity, its severity 
being dependent on the degree of associated periostitis, and is usually 
worse at night. Lesions were at times completely asymptomatic and 
were discovered only when the finding of one lesion prompted a roent- 
gen study of other portions of the skeleton. 

99. Kern, J. C.; Infectious Relapse in Syphilis, Northwest Med. 40:328 (Sent ') 

1941. ^ ^ ^ 

100. Reynolds, F. W., and Wassermann, H.: Destructvie Osseous Lesions 
in Early Syphilis, Arch. Int. Med. 0^:263 (Feb.) 1942, 
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The onset of symptoms may precede or follow the secondary 
eruption. There is no correlation between the type of secondary erup- 
tion and the presence of bone lesions. The most frequently associated 
condition is arthritis, which usually involves several joints. Occasion- 
all}'-, the patient is ill with fever, anemia, weakness, loss of weight and 
other evidences of toxemia. 

In the authors’ series the patients in all but 2 of the 15 cases 
responded favorably to routine antisyphilitic treatment. These 2 patients, 
with treatment-resistant precocious malignant tertiarism, did respond 
to malaria therap3^ 

The lesions in the skull are characteristic, consisting of irregularly 
circular areas of decreased density having a moth-eaten appearance. 
Elsewhere, the bony changes are less diagnostic, although involvement 
about the sternoclavicular joint is suggestive. The thinner and more 
porous bones of the skull are the ones commonly affected, and it was 
noted that lesions posterior to the lambdoidal suture are rare. Soft 
tissue swelling or wavy periosteal markings parallel to the surface of 
the bone are indicative of concomitant periostitis. 

Gastric Lesions . — Reynolds has reviewed the literature pertaining 
to the gastric lesions of early syphilis. Patients with early syphilis not 
infrequently have complaints referable to the gastrointestinal tract, and 
several observers have noted hypochlorhydria. A limited number of 
gastroscopic and postmortem studies are available. Histopathologic 
reports must be interpreted with considerable reserve because of rapid 
postmortem autolysis. In summary, the author concludes that two 
types of gastric lesion may be associated with early syphilis: (1) a 
superficial gastritis, a not uncommon lesion of little clinical significance, 
most readily demonstrated by gastroscopic examination, and (2) an 
interstitial infiltration of the submucosa and the muscularis of the 
stomach, with thickening of the wall, and stenosis of the lumen, a rare 
example of “precocious tertiarism.” 

Uveitis . — Because the significance attributed to the various systemic 
infections and diseases believed to cause endogenous uveitis varies enor- 
mously in different clinics, in different localities and in succeeding 
decades, Guyton and Woods have analyzed 562 cases, all of which 
have been thoroughly studied. In all cases the patients were admitted 
to the wards of the Wilmer Ophthalmological Institute of the Johns 
Hopkins Hospital between Nov. 1, 1925 and July 1, 1939. No patients 

101. Reynolds, F, W. : Gastric Lesions Associated with Early Syphilis, Am. J. 
Syph., Conor. & Ven. Dis. 26:218 (March) 1942. 

102. Guyton, J. S., and Woods, A. C. : Etiology of Uveitis : A Clinical Study of 
Five Himdred and Sixty-Two Cases, Arch. Ophth. 26:983 (Dec.) 1941. 
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examined in the outpatient departments or in private offices of the 
institute were included in this study. 

The authors divided their cases into two groups. The first con- 
sisted of 244 cases in which the sum total of available evidence pointed 
clearly to some definite etiologic factor. The second and larger group 
consisted of the remaining 318 cases in which the evidence was con- 
sidered either too scanty or too inconclusive to permit more than a 
tentative diagnosis of the cause of the uveitis. 

They found the most common cause of uveitis to be tuberculosis, 
49.7 per cent of the entire group; syphilis was responsible in 10.5 per 
cent and gonorrhea in 4.6 per cent. Other diseases causing uveitis are 
recorded in tabular form for both groups of cases. 

FEVER THERAPY OF EARLY SYPHILIS* 

Boak and her co-workers report a study of the effect of a single 
prolonged period of artificial fever (nine to fifteen hours at 41.0 to 
41.5 C.) on 8 patients with primary and with secondary syphilis. 
Artificial fever of this magnitude, administered by the radiant energy 
method, resulted in prompt resolution of the early lesions in all cases, but 
mucocutaneous relapse developed within four months in 4 of the 5 
patients who subsequently received no chemotherapy. The fifth patient 
continued to have a positive serologic reaction for syphilis but had no 
obvious infectious relapse. 

Experimentally in rabbits Boak, Carpenter and Warren have 
found that syphilis can be cured by a mode of therapy combining a 
subcurative dose of neoarsphenamine (10 mg. per kilogram of body 
weight) with subcurative artificial fever (three or four hours at 41.5 C.). 
When the drug was given immediately before a fever treatment, 100 
per cent of the animals were cured, but when it was given at the termi- 
nation of the fever, only 75 per cent recovered. The authors attribute 
the higher percentage of cures obtained when the neoarsphenamine 
was given before the fever either to a more widespread distribution 
of the drug resulting from an increased vascular response or to an 
increase in its spirocheticidal action as a result of the elevation in body 
temperature. 

103. Boak, R. A,; Carpenter, C. M. ; Jones, N. ; Kampmeier, R. H. ; McCann, 
W. S. ; Warren, S. L., and Williams, J. R., Jr. : The Inadequacy of a Single Pro- 
longed Fever for the Treatment of Early Acute Syphilis, Am. J. Syph., Conor. & 
Ven. Dis. 26:291 (May) 1942. 

104. Boak, R. A. ; Carpenter, C. M., and Warren, S. L. : The Concurrent Treat- 

ment with Fever and Neoarsphenamine of Experimental Syphilis in Rabbits Am J 
Syph., Conor. & Ven. Dis. 26:282 (May) 1942. ’ 
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Combined Therapy ivith Fever and Arsenicals . — A resume of fever 
therapy in the management of syphilis is given by Phillips.^®® In addi- 
tion to its proved value in neurosyphilis, the author believes that “the 
combination of chemo-fever therapy is by far the shortest and surest 
method known in curing early syphilis.” Sixty-two patients with early 
syphilis have been treated by the author in this manner. However, 
many had received chemotherapy previously, a fact making analysis 
of the data difficult. Four relapses are recorded, and 23 patients remain 
seropositive, which does not support the contention that his method is 
the “surest method known.” No data as to toxic reactions are given. 

Coutts and his associates have made a preliminary report on the 
immediate results of treatment of 5 patients with early syphilis by 
the Simpson technic of one day therapy with combined fever and 
massive doses of an arsenical. The patients were given ten hours’ 
fever therapy at 41.1 C. Simultaneously, oxiarsolan (0.24 Gm.) was 
administered by intravenous drip. Twelve hours before the combined 
arsenofever therapy the patients received 0.2 Gm. of an insoluble com- 
pound containing bismuth. The treatment was well tolerated by all 
5 patients, and infectious lesions promptly failed to yield material 
positive for S. pallida on dark field examination. The patients have 
not been followed sufficiently long to allow any assessment of the ulti- 
mate outcome. 

With his usual uncritical judgment, hyperenthusiasm and willing- 
ness prematurely to capitalize journalistically on sober scientific experi- 
mentation, de Kruif has unhappily drawn nationwide attention to 
this “one day cure” for syphilis. This tendency of medical journalists 
to raise false hopes in lay minds can only be deplored. With all due 
respect to democratic freedom of speech, it is too bad that no censor- 
ship exists to compel conservative accuracy from sensational writers 
on medical subjects. 

INTENSIVE ARSENOTHERAPY 

Clinical Results . — Massive dose arsenotherapy is being used more 
and more extensively, not only in this country but in Canada and in 
South America. Accurately to discuss each report of this method 
of therapy would involve needless repetition. In the table we have 

105. Phillips, K. : Resume of Fever Therapy in Management of Syphilis, 
J. Arkansas M. Soc. 38:139 (Dec.) 1941. 

106. Coutts, W. E. ; Figueroa, M. ; Bustamante, B.; Valenzuela, E., and Coutts, 
J. : Tratamiento de la sifilis reciente en un dia por el metodo combinado y simul- 
taneo bismuto-arsenical-piretotermico : Comunicacion preliminar, Rev. chilena de 
hig. y med. prev. 4:229 (Dec.) 1941. 

107. de Kruif, P.: Found: A One-Day Cure for Syphilis, Read. Digest 41:10 
(Sept.) 1942. 
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attempted, insofar as possible, to summarize the work of numerous 
investigators who have been concerned with massive dose arseno- 

therapy. 

Intensive Arsenotherapy of Latent and of Late Syphilis. Demon- 
stration of the fact that early syphilis can be cured by massive dose 
arsenotherapy has led Kaplan to employ the method in the treat- 
ment of patients with latent syphilis and in the late stages of the disease. 
At Sing Sing Prison 192 patients with syphilis were treated by the 
intravenous drip method of intensive arsenotherapy, with or without 
fever therapy. Since approximately 350 men are admitted to the Sing 
Sing syphilis clinic yearly and most of them remain incarcerated for 
no less than two years, it was felt that this was an excellent oppor- 
tunity to follow results of intensive treatment of late and of latent 
syphilitic infection. 

The arsenical employed in the treatment of all patients was 
mapharsen. Between 150 and 400 mg. of the drug was added to solu- 
tion of sodium chloride, dextrose or sodium lactate; when massive 

108. (a) Leifer, W,; Chargin, L., and Hyman, H. T, : Massive Dose Arseno- 
therapy by Intravenous Drip Method, J. A. M. A. 117:1154 (Oct. 4) 1941. (b) 
Elliott, D. C; Baehr, G. ; Shaffer, L. W. ; Usher, G, S,, and Lough, S. A,: An 
Evaluation of the Massive Dose Therapy of Early Syphilis, ibid. 117:1160 (Oct. 4) 
1941, (c) Rattner, H,, in discussion on Elliott and others.^o®*^ (d) Spiller, W. F., 
in discussion on Elliott and others.iosb (e) Goldblatt, S., in discussion on Elliott 
and others.io®’’ (/) Schoch, A. G., in discussion on Elliott and others.^o®'^ (g) 
Barletta, J. L. : Tratamineto de la sifilis por el metoda Norteamericano de los cinco 
dias o arsenoterapia intensiva, Dia med. 13:1193 (Nov, 10) 1941. (/i) Bowman, 

G. W., and Sheehan, F. G. : Massive Arsenotherapy in Syphilis, J. Indiana M. A. 
34:665 (Dec.) 1941. (j) Scholtz, J. R. : Intensive Arsenotherapy of Syphilis, 

Venereal Disease Bulletin 1, State of California Department of Public Health, 1941, 
no. 7, p. 3. (j) Prats, G. F. ; Infante Varas, L. ; Simon, K. T., and Harazsti, E. : Trata- 
miento masivo “gota a gota” de la sifilis, Rev. argent, dermatosif. 26:65, 1942, (k) 
Body, E. F. ; Harazsti, E., and Giacamon, J. : Experiencia en los servicios de lucha 
antivenerea empleando arsenobenzoles y arsenoxides, ibid. 26:92, 1942. (/) Sadusk, 
J. F., Jr.; Craige, B., Jr.; Brookens, N.; Poole, A. K., and Strauss, M. J. : Observa- 
tions on the Massive Dose Arsenotherapy of Early Syphilis by the Intravenous Drip 
Method: I. Toxicology, Clinical Observations and Therapeutic Results, Yale J, 
Biol. & Med. 14:333 (March) 1942. («i) Berry, N. E. : The Treatment of Early 
Syphilis by the Massive Dose Method, Am. J. Syph., Conor. & Ven. Dis. 26:204 
(March) 1942. («) Usher, B,, and Hill, A. E. : Massive Arsenotherapy in Early 
Syphilis by the Continuous Intravenous Drip Method, Canad. M. A. J. 46:342 
1942. ((?) Brun, J, F, ; Ramirez, D., and Roman, A.: Segundo informe 

para el boletin de salubridad e higiene del departamento de salubridad sobre la 
arsenoterapia masiva, Rev. med, veracruzana 22:3691 (May) 1942. (p) Prunes, L., 
and Hevia, P. H.: Massive Arsenotherapy in Early Syphilis:’ Report of Sixty 
Cases in Which Neoarsphenamine Was Given, Arch. Dermat. & Syph, 45:894 
(May) 1942. (g) Kaplan, B. I: Intravenous Drip Method in Intensive' Arseno- 
therapy of Syphilis with Particular Reference to Its Application for Latent Syphilis 
and for Late Stages of the Disease, ibid. 45:941 (May) 1942. 
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dose arsenotherapy alone was employed, the drug was given in five 
consecutive daily infusions. All patients were men between the ages of 
18 and 63. There were 126 Negroes, 65 white persons and 1 Chinese. 
Of the entire group of 192 patients, 117 were treated by the intra- 
venous drip method just described. When this method was combined 
with artificial fever therapy, fever was usually produced by intravenous 
injection of typhoid vaccine, and the injections of vaccine were so 
administered that two or three days of massive dose arsenotherapy 
was immediately followed by fever therapy. 

No serious toxic reaction or fatality was observed in the group. 
Minor reactions, such as fever, peripheral neuritis, toxicoderma and 
gastrointestinal symptoms were common. 

The present paper is considered as a preliminaiy report, since the 
study was started in November 1939 and completed in July 1941. 
The author states that the results to date look encouraging. However, 
adequate time has not passed to permit one to evaluate the results of 
this form of treatment. 

Intensive Arsenotherapy in Infants and Children. — Applying inten- 
sive arsenotherapy to the treatment of congenital and acquired syphilis 
in infants and children, Levin, Hofifman and Koransky have studied 
three groups of patients: (1) 14 infants under 6 months of age with 
manifest congenital syphilis ; (2) 13 infants and young children between 
the ages of 6 months and 6 years, and (3) 4 children with early 
acquired syphilis. From 1.6 to 3.0 mg. of mapharsen per pound (0.45 
Kg.) of body weight was given, with no significant toxic reactions. 
In 8 of the 31 patients reversal of the serologic reaction for syphilis 
occurred, and in 2 others the trend of the reagin titer is favorable. Two 
have been retreated because of rising reagin titers. 

Electrocardiographic Abnormalities Associated with Massive Dose 
Arsenotherapy. — Geiger and his co-workers observed significant 
electrocardiographic abnormalities during or shortly after massive dose 
arsenotherapy in 21 of 23 patients. The principal changes were con- 
cordant diminution of the amplitude of the T waves in all leads and 
frequently inversion of the T wave in leads other than the third. In 
every case the altered electrocardiographic features returned to the 
pretreatment control condition within a few weeks, and the authors 

109. Levin, I. M. ; Hoffman, S. J., and Koransky, D. : Massive Dose Intra- 
venous Arsenotherapy of Congenital and Acquired Syphilis in Infants and in Chil- 
dren, Am. J. Dis. Child. 6S:201 (Jan.) 1942. 

no. Geiger, A. J.; Craige, B., Jr., and Sadusk, J. R, Jr.: Electrocardiographic 
Abnormalities Associated with Massive Arsenotherapy, Yale J. Biol. & Med. 14 : 
357 (March) 1942. 
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believe the abnormalities to represent toxic effects of a transient and 
benign nature due to arsenic. 

Quantitative Serologic Tests to Evaluate Results of Massive Dose 
Arsenofherapy.—Dussert^^^ indicates the utility of quantitative sero- 
logic tests in evaluating the results of massive dose arsenotherapy. 
In his series the reversal of the serologic reaction for syphilis occurred 
more gradually when the reagin titer at the beginning of treatment 
was high than when the initial titer was low. The author believes that 
patients treated with massive dose arsenotherapy should be followed 
with serial titered serologic tests before treatment is considered a failure 
because of seroresistance. 

Experimental Work on ALassive Dose Arsenotherapy. — Eagle and 
Hogan state that the observation that early syphilis may be effec- 
tively treated, and in most cases definitely cured, within five days by 
administering neoarsphenamine or mapharsen by intravenous drip is 
of obvious importance to the individual patient and to the current 
control program. The intensive procedure, however, is many times 
more dangerous than standard methods of treatment. Whether this 
increased risk is justified b}^ the somewhat more rapid control of infec- 
tiousness and by the perhaps more favorable early results achieved 
by this method is debatable. It is clear that the traditional schedule 
of weekly injections for eighteen months is wholly arbitrary. The 
authors state: 

Given as three variables, (a) the total duration of treatment, (&) the number 
of injections and (c) the size of the individual dose, there are obviously an infinite 
number of possible combinations. Given further the fact that a S-day and an 
18-month schedule may be of comparable therapeutic efficacy, it should be pos- 
sible, with the same drugs, to find effective methods of treatment which combine 
the speed of one and the safety of the other to an optimum degree. 

Because of the very number of possible combinations of time and dose and 
because of the difficulties inherent in any clinical evaluation, the initial problem 
of orientation seemed clearly one for the laboratory rather than the clinic. 

The authors attempted in the fall of 1939 to determine in syphilitic 
rabbits the toxicity and the therapeutic activity of twelve different 
treatment schedules: 

Intravenous drip (5 and 6 hours daily) for 1, 2 and 4 days. 

Multiple injections each day for 1, 2 and 4 days. 

Single daily injections for 1, 4 and 12 days. 

Injections every other day (3 times weekly) for 4 and 8 weeks. 

Weekly injections for 6 weeks. 

111. Dussert, E. : Utilidad de los metodos cuantitativos como criterio para 
valorar el efecto de un tratamiento en la lues, Rev. med. de Chile 69:743 ("Nov ) 
1941. '' 

■Kir Hogan, R. B.: The Intravenous Drip and Other Intensive 

Methods for the Treatment of Early Syphilis, Science 95:360 (April 3) 1942. 
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Although this is a preliminary report, and the work has not yet 
been completed, 2,000 animals have been used to date. The results 
seem sufficiently clear to justify the following generalizations, which are 
presented at this time because of their implications with respect to the 
present day treatment of earty syphilis : 

Within broad limits, the curative dose of Mapharsen with any one type of 
treatment was largely independent of the time period over which that treatment 
was given. Indeed, in seven schedules involving rapid intravenous injections, 
in which the total duration of treatment varied from 10 seconds to 6 weeks, the 
interval between injections from 2 hours to 1 week, and the total number of 
injections from 1 to 16, the minimal curative dose varied only between 4 and 
8 mg per kg. Although there was some suggestion that repeated doses at short 
intervals were more effective than either one large dose, or repeated doses at 
weekly intervals, the data are as 5 'et inconclusive. 

The minimal curative dose of the intravenous drip procedure, whether for one 
day or for four days, varied only between 7 to 12 mg per kg. It is of interest 
to note that Mapharsen administered by intravenous drip has been consistently 
less effective than Mapharsen administered by repeated injections over the same 
time period. 

Of primary importance is the fact that, on every treatment schedule yet tried, 
the total amount of arsenical which could be administered without killing the 
animal increased directly with the total duration of treatment. Of secondary 
importance is the fact that, within a fixed time period, somewhat larger amounts 
of arsenical could be administered by increasing the frequency of injections. 
Thus, on daily injections for 4 days, the maximal tolerated dose was 30 mg. 
per kg. This was increased to 40 mg per kg by giving 4 injections daily over 
the same time period, and to 48 mg per kg by giving a continuous intravenous 
drip for six hours dail}’’ on each of four consecutive days. 

It is shown that mapharsen given by intravenous drip is apparently 
less effective than the same amount of arsenical given by repeated single 
intravenous injections. More important still is the fact that the tolerated 
dose of arsenical given by simple injection can apparently be increased 
almost without limit merely by prolonging the duration of treatment. 
The authors state; 

Since the total curative dose of Mapharsen in rabbits is, within broad limits, 
approximately constant, and since the total tolerated dose on any schedule of 
injections increases directly with the duration of treatment, it necessarily follows 
that f/ie margin of safety behveen the toxic and therapeutic dose ("chemothera- 
peutic index”) may be increased continuously by prolonging the duration of treat- 
ment. Conversely, on any schedule of injections, the shorter the total time 
period over which the treatment is administered, the lower is the margin of 
safety afforded. [The italics are those of Eagle and Hogan.] 

Thus, (1) on six weekly injections the total tolerated dose (60 mg per kg) 
was 7.5 times the minimal curative dose (8 mg per kg), as compared with a 
margin of 1.4 for a single injection. Moreover, the margin of safety afforded 
by 30 Aveekly injections would probably be not far from 30. (2) When the 

injections were given three times weekly for four weeks, the chemotherapeutic 
index was 12; and it is estimated that the index on a similar eight-week schedule 
would be about 24. (3) With four consecutive daily injections, the margin of safety 
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was approximately 6; and it is estimated that 12 daily injections will provide a 
margin of approximately 10. (4) Multiple daily injections over a four-day period 

gave a safety factor of approximately 10; and an intravenous drip for the same 
period provided a margin of safety of only 4. In both cases, a shorter time 
period (1 or 2 days’ treatment) gave an even longer chemotherapeutic index, 
while a longer treatment period would presumably have resulted in a correspond- 
ingly wider margin of safety. 

In the absence of evidence to the contrary, we must assume that these same 
considerations apply in human beings. Indeed, such data as are available from 
the clinic are in accord with the dual thesis that the total curative dose of 
Mapharsen varies only slightly with the frequency and total duration of treat- 
ment, while the total tolerated dose varies directly with the time period over 
which the arsenical is administered. . . . 

On the basis of our animal results to date, those requirements [for an effec- 
tive and safe treatment schedule] would be at least approximated in the treat- 
ment of humans by (a), injections of 20 mg Mapharsen (0.3 mg per kg) 
repeated twice daily for 4 to 8 weeks; (b), daily injections of 30 mg Mapharsen 
(0.5 mg per kg), continued for 5 to 10 weeks; or (c), injections of 60 mg 
Mapharsen (1 mg per kg) repeated three times weekly for 5 to 10 weeks. . . . 

For purposes of orientation, a clinical study has been organized in twelve 
cooperating clinics, in which the following three schedules are being used for the 
treatment of early syphilis: (a) Injections 3 times weekly for 4 weeks, (b) 
Injections 3 times weekly for 6 weeks, (c) Injections 3 times weekly for 8 
weeks. On the last two schedules, some of the patients are being given con- 
comitant weekly injections of bismuth. The results to date with respect to 
toxicity are encouraging. Further modification may, however, prove desirable 
in the light of continuing clinical experience, and particularly, in the light of 
end-results. 

Continuing their studies on the toxicity of mapharsen given in 
massive doses, Magnuson and Raulston report that the maximum 
tolerated dose of mapharsen given to anesthetized dogs in three daily 
doses for each of five successive days was 10 mg. per kilogram of body 
weight per day and that the minimum lethal dose administered under 
the same conditions was 14 mg. per kilogram per day. These findings 
indicate that the maximum tolerated dose and the minimum lethal 
dose of mapharsen given in interrupted doses do not differ signifi- 
cantly from such doses of the drug when it is given by continuous 
intravenous drip, the conditions of administration otherwise being equal. 
Blood levels of arsenic were similar in the two instances, although 
there was a somewhat longer retention of arsenic in the tissues of 
^ animals treated with interrupted doses. 

Kolmer and Rule^^^ have compared the effectiveness of neoars- 
phenamine and of mapharsen administered by the continuous intra- 
venous drip method once a day for five successive days with that of 

113. Magnuson, H. J., and Raulston, B. O.: Toxic Dose of Mapharsen Given 
in Interrupted Doses, Ven. Dis. Inform. 22:431 (Dec.) 1941. 

^ 114. Kolmer, J. A., and Rule, A. M.: Massive Arsenotherapy by the Con- 
Unuous Intravenous Drip Method: Treatment of Acute Syphilis in Rabbits Arch 
Dermat. & Syph. 44:1055 (Dec.) 1941. 



886 


ARCHIVES OF INTERNAL MEDICINE 


the same drugs administered in single doses by intravenous injection 
with a syringe in the treatment of acute syphilitic orchitis in rabbits. 
The minimal curative doses of both compounds by the two methods 
of administration were practically the same, being about 0.02 Gm. of 
neoarsphenamine and 0.005 Gm. of mapharsen per kilogram of body 
weight. Single doses of either compound administered by the syringe 
method appeared to have a more prompt effect on the spirochetes in 
the testicular lesions than a comparable total dose administered by the 
drip method. 

Intensive Syphilotherapy with Both an Arsejiical and a Com- 
pound Containing Bismuth. — By using combinations of fractions of the 
minimum curative dose of various arsenicals (mapharsen and neoars- 
phenamine) with fractions of the minimum curative dose of various 
preparations containing bismuth (bismuth sodium tartrate, thio-bismol 
and bismuth ethyl camphorate), Clausen, Longley and Tatum have 
determined the quantitative nature of the combined action of these two 
types of compounds in experimental rabbit syphilis. Their data indi- 
cate the therapeutic efficiency of the combination to be one of simple 
addition rather than potentiation or inhibition, whereas the cotoxicity 
was found to be less than additive. There was, in effect, a greater 
margin of safety when a compound containing bismuth and an arsenical 
were administered concurrently than when either was used alone in 
correspondingly effective doses. The combination of mapharsen with 
a slowly absorbed preparation containing bismuth gave the widest 
margin of safety. 

Unfortunately, as a criterion of “cure,” lymph node transfers were 
made three weeks after the last treatment, a time interval too short in 
which to observe a condition analogous to infectious relapse. After 
subcurative doses of arsenical drugs node transfers may be, and fre- 
quently are, negative at three weeks and positive at six months. 

On the basis of their experiments, the authors propose a modifi- 
cation of intensive arsenotherapy to include the concurrent adminis- 
tration of a compound containing bismuth, with the expectation of 
reducing the hazards of massive dose therapy, 

LATE SYPHILIS 

Syphilis and Gastrointestinal Disorders. — Levy and Winkelstein 
review the controversial literature pertaining to syphilis of the ali- 
mentary canal. In their opinion, esophageal syphilis may be in the fonn 

115. Clausen, N. M.; Longley, B. J., and Tatum, A. L.: The Quantitative 
Nature of the Coaction of Bismuth and Arsenical Compounds in the Therapy of 
Experimental Syphilis, J. Pharmacol. & Exper. Therap. 74:324 (March) 1942. 

116. Levy, M. H., and Winkelstein, A.: Syphilis of the Alimentary Canal 
(Excluding the Stomach), Urol. & Cutan. Rev. 46:221 (April) 1942. 
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of direct extensions of the syphilitic process from contiguous tissues 
or of gummas ; involvement of the small intestine is suggested when 
enteritis or stricture complicates early or late stages of the disease, 
and primary, secondary and tertiary lesions of the lectum and colon 
are recognizable. 

Goldsmith has reviewed the literature pertaining to the preva- 
lence, pathology, diagnosis and treatment of S3^philis of the stomach, 
reporting a case which was unusual in that there was extensive 
involvement of the cardia. 

A study of the gastroscopic findings in 12 patients having untreated 
syphilis of the stomach has been made by Patterson, Rouse and Bag- 
well.^^® The most common symptoms referable to the stomach in this 
group of patients were burning epigastric pain, with or without relief 
after the ingestion of food ; nausea ; vomiting ; cachexia ; hematemesis, and 
a palpable mass. All patients had positive serologic reactions for 
syphilis and absence of free hydrochloric acid in the stomach. With 1 
exception there was roentgen evidence of a filling defect, ulceration, 
tumefaction, prepyloric narrowing or diffuse thickening of the stomach. 

The lesions as seen through the gastroscope in all instances asso- 
ciated with latent syphilis were of three morphologic types : ( 1 ) single 
or multiple ulcerations of the gastric mucosa; (2) nonulcerative tumors 
of the stomach, and (3) flattened or thickened appearance of the rugae 
evidencing local or diffuse, subacute or chronic infiltration of the 
sto'mach. Roentgenograms of all three types of lesions are included 
in the article. The authors state that the characteristic type of syphi- 
litic ulcer seen in the lower third of the stomach resembles closely the 
gummatous syphilitic ulcerations seen on the palate. It has a smooth, 
shallow base, sloping edges, and purplish red serpiginous borders. At 
times it is difficult to differentiate the round syphilitic ulcer of the 
stomach from peptic ulcer. The purplish red sloping edges with a dirty 
gray base are more characteristic of a syphilitic ulcer. It is more 
difficult to differentiate infiltrating lesions of syphilis which produce 
tumors of the stomach from similar lesions of other origin. They 
believe that the prominence of superficial blood vessels on the borders 
of the tumor and pallor of the mucosa due to fibrosis or to mucosal 
atrophy from pressure from beneath are differential points. 

Syphilis and Gynecologic Disorders . — Falk and Kempner discuss 
the effect of latent syphilis on wound healing in a series of 930 con- 

117. Goldsmith, G. A.; The Diagnosis and Treatment of Gastric Syphilis 
New Orleans M. & S. J. 94:284 (Dec.) 1941. 

m. Patterson, C. O.; Rouse, M. O., and Bag^vell, J. S.: The Gastroscopic 
Diagnosis of Syphilis of the Stomach, South. M. J. 35:565 (June) 1942. 

119. Falk, H. C., and Kempner, I.; Healing of Operative Wounds in Syph- 
ilitic Women, Am. J. Surg. 54:674 (Dec.) 1941. 
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secutive laparotomies that fitted certain criteria which were performed 
on patients admitted to the g}mecologic service of the Harlem Hos- 
pital, New York. Of 450 patients with positive Kahn reactions, wound 
infections occurred in 16.4 per cent, whereas in a group of 480 patients 
with negative Kahn reactions, there was a 12.9 per cent incidence of 
wound infections. 

Syphilis and Orthopedic Conditions. — Comroe outlines a classifi- 
cation of syphilitic joint disease as follows: (1) in congenital syphilis: 
Parrot’s syphilitic osteochondritis, symmetric serous synovitis and 
uncommon forms, including gummatous synovitis, syphilitic dactylitis 
and suppurative joint disease; (2) in the secondary stage: arthralgia, 
synovitis, hydrarthrosis, tenosynovitis, bursitis, arthritis resembling 
rheumatic fever and rheumatoid arthritis, and (3) in tertiary syphilis: 
gummtaous arthritis, Charcot’s joint, chronic syphilitic arthritis, juxta- 
articular gumma and juxta-articular node. 

Comroe notes that the presence of syphilis should be suspected in 
any case of bilateral painless hydrops of the knees in children, in any 
involvement of a joint simulating rheumatic fever which does not 
respond promptly to adequate salicylate therapy and in any deforming 
arthritis limited to a single joint. 

Syphilis and Ophthalmic Conditions, — A comprehensive review of 
fifteen years’ experience with syphilis as encountered in a large hospital 
for patients with disorders of the eye is analyzed by Assinder.^^^ Of 

I, 015 patients with positive and doubtful serologic reactions for syphilis, 
there were 19 with gummas in orbital areas, 17 with scleritis, 553 with 
keratitis, 96 with iritis, 87 with choroidoretinitis, 74 with optic atrophy, 
19 with optic neuritis, 119 with palsy of a nerve and 31 with miscel- 
laneous disorders. In all cases the keratitis was of the diffuse inter- 
stitial type, and in 97 per cent it was congenital. In only 15 of the 96 
instances of iritis was the condition associated with early syphilis. 

CARDIOVASCULAR SYPHILIS 

Diagnosis of Uncomplicated Syphilitic Aortitis. — Uncomplicated 
syphilitic aortitis remains one of the most difficult lesions to detect 
clinically. The symptomatology may be insignificant; physical signs 
may be indefinite and concomitant diseases not infrequently complicate 
the clinical picture. An annotator in the Lancet points out that 
the use of electrocardiographic and of roentgen examination in the early 
diagnosis of syphilitic aortitis is also limited. Electrocardiograms seldom 

120. Comroe, B. I.: Syphilitic Joint Disease, Urol. & Cutan. Rev. 46:234 
(April) 1942. 

121. Assinder, E. W. : Syphilis in Ophthalmology (Middlemore Lecture), Bnt. 

J. Ophth. 26:1 (Jan.) 1942. 

122. Early Diagnosis of Syphilitic Aortitis, Lancet 1:360 (March 21) 1942. 
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show evidence of the condition, unless there is involvement of the cor- 
onary ostiums or the aortic valve becomes incompetent. The main 
obstacle in detecting the condition either ■ by a teleroentgenogram or 
by fluoroscopic examination is the difficulty of obtaining a standard 
of normal measurement for the size of the aorta. Fluoroscopic examina- 
tion may reveal increased pulsations, local dilatation, increased density 
of the aortic wall or irregularity of its outline. None of these changes, 
however, is pathognomonic. 

Boharas and his collaborators have analyzed from the standpoint 
of roentgen studies and physical examination, 200 syphilitic patients 
without saccular aneurysm, arterial hypertension or vascular disease 
and 200 nonsyphilitic control patients of the same age and sex distribu- 
tion. The diagnosis of syphilis was based on the presence of confirmed 
positive serologic reactions. In the control group syphilis was excluded 
by history and physical examination, as well as confirmed negative 
serologic reactions. In each patient the aorta was measured by the 
Vaquez-Bordet, the Hampton and the Fray technic. As to thcVaquez- 
Bordet measurements of the 200 nonsyphilitic and the 200 syphilitic 
patients the authors say: 

The impressive feature of this comparison is that, with a few exceptions, the 
two groups present identical measurements. The increase in the size of the aorta 
is virtually the same with advancing years in syphilitic and non-syphilitic patients 
and is apparently due to arteriosclerosis. 

They stress that before the diagnosis of diffuse aortic dilatation 
can be made in the posteroanterior view, this must be supplemented 
by an oblique view in order to exclude tortuosity of the aorta. 

The Hampton measurement also failed to distinguish the syphilitic 
from the nonsyphilitic aorta prior to the onset of marked aortic dilatation, 
and with few exceptions the two groups presented similar measurements. 
It was found that in 7.5 per cent of the normal subjects and in 14 per 
cent of the syphilitic patients the aortic root measured between 6.2 and 
7.4 cm. The authors believe that the increased incidence among syphi- 
litic patients is no doubt significant but state that it is impossible to 
evaluate this fact clinically. 

They had no more success in diagnosing syphilitic aortitis with 
the Fray measurement. In the corresponding age groups there was 
little difference between the nonsyphilitic and the syphilitic patients with 
regard to the indexes obtained. 

The authors do not believe that local dilatation with increased pulsa- 
tion or increased density and irregularity of the aortic wall, as observed 
during fluoroscopy, is pathognomonic of syphilitic aortitis. 

123. Boharas, S. ; Hollander, L., and Goldsmith, M. : The Early Diagnosis of 
Syphilitic Aortitis, Am. J. M. Sc. 203:54 (Jan.) 1942. 
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The least reliable of all pli 3 ^sical signs was a visible pulsation in the 
suprasternal notch. Increased retromanubrial dulness was found to 
be present in many patients of the nonsyphilitic group, with and without 
arterial hypertension. A slight systolic aortic murmur was noted in 
1.5 per cent of the syphilitic patients and in 2 per cent of the normal 
control group. A tympanitic second aortic sound was of more value 
than other physical signs, since it occurred in 2.5 per cent of the S3^philitic 
patients but onl 3 ’’ once in 500 noi'mal patients of the same age group. 
Because the sign is rare in normal persons, the authors express the 
belief that it is of diagnostic value providing arteriosclerosis, valvular 
heart disease and h 3 'pertension are ruled out. 

The electrocardiograms of 160 S 3 'philitic patients were analyzed. The 
interval between the appearance of a chancre and the electrocardio- 
graphic study varied from three to thirty-nine years, with an average 
of fourteen and seven-tenths 3 ^ears. Only 5 of these patients presented 
abnormal tracings. As a rule, electrocardiographic changes occur late 
in the course of cardiovascular S 3 -philis and are generally due either 
to aortic regurgitation or to stenosis of the coronary orifices. A normal 
electrocardiogram does not rule out cardiovascular S3^philis, since in 
1 patient with aortic regurgitation, 3 patients with saccular aneurysm 
and 3 patients with diffuse aortic dilatation, no abnormalities were noted 
in the electrocardiographic tracings. 

The authors conclude: 

This study supports the contention that a positive clinical diagnosis of early 
s}’:philitic aortitis is practically impossible. This study clearly shows that a 
reliable diagnosis cannot be made before wide dilatation of the aorta has occurred. 
We agree , . . that a positive diagnosis of cardiovascular syphilis can be 
made only when one or more of the following findings is present: 1, a saccular 
aneurysm of the aorta or innominate artery; 2, aortic regurgitation appearing 
for the first time in a middle-aged person with a positive serologic reaction for 
syphilis; or 3, a diffusely dilated aorta without aortic regurgitation or hyper- 
tension, past or present. 

Maynard discusses the clinical and the roentgen aspects of the 
diagnosis of uncomplicated aortitis, deriving six diagnostic criteria; 
1. The patient must be 40 3 ’^ears of age or 3 munger. 2. He must have 
had syphilis beyond reasonable doubt. 3. There must be roentgen or 
fluoroscopic evidence of a dilated aorta. 5. There ma 3 '^ be a hollow 
accentuated aortic second sound. 6. There may be a systolic murmur 
at the aortic area. Widened retromanubrial dulness, precordial “aortal- 
gia” and a history of cardiac embarrassment are all discounted as of 
little value in early diagnosis. 

124. Maynard, E. P., Jr. ; The Present Status of the Diagnosis of Uncom- 
plicated Syphilitic Aortitis, Bull. New York Acad. Med. 18:383 (June) 1942. 
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Syphilitic Aortic Regnrgitatio7t. —McDermott, Tompsett and Web- 
ster call attention to the fact that the average picture of aortic insuf- 
ficiency described in standard textbooks is one of rapid development 
of symptoms and signs of cardiac insufficiency in a patient in the forties 
or the fifties. It is usually agreed that survival from this age on is 
usually a matter of onl}'- one or two years. In contrast to this generally 
accepted view, the authors point out that Grant, when studying 1,000 
patients with cardiac disease ten years after the original examination, 
showed that the ten year mortality associated with syphilis of the aortic 
valve is only 64 per cent, actually less than the mortality rate over the 
same period in patients with mitral stenosis with auricular fibrillation 
(68 per cent). 

The discrepancy between the longevity in Grant’s series and that in 
the reports from many of the better syphilis clinics of the country can be 
explained on the basis of the patients examined. Grant’s patients were 
all white, ambulatory and military pensioners, whereas the reports from 
various syphilis clinics were based on patients with aortic insufficiency, 
who usually reported to these clinics because of cardiac symptoms. 

The authors report on the study of 2,718 syphilitic patients who 
were examined during the four and a half year period from October 
1936 to April 1941. They summarize their results as follows : 

1. In a 4y2-year period in the syphilis division of the medical clinics of the New 
York Hospital, the incidence of syphilitic aortic insufficiency without aneurysm 
was 3.4% (91 of 2718). 

2. One-half of these patients (49.5%) with aortic regurgitation denied any 
symptoms of cardiac insufficiency at the time of diagnosis. 

3. Only 31 (34%) of the 91 patients sought medical care because of symptoms 
referable to the heart, 53 (58%) sought care for non-cardiac complaints, and 7 
(8%) were brought under medical care by the routine serologic testing of sup- 
posedly well people. 

4. Of 28 of these asymptomatic patients followed for more than 2 years, 2 
have died of heart disease and only 2 have developed symptoms. 

5. Circulatory studies (vital capacity, venous pressure, circulation time and 
roentgenoscopy) of 47 of these patients showed a close correlation with the 
clinical impression of their cardiac status. 

6. The aortic width, as judged from Roentgen ray and fluoroscopy, was normal 
in 37 of 87 (43%) of these patients with aortic insufficiency. 

7. In only 3 patients (2.2%) of a total of 135 with syphilitic aortic insuffi- 
ciency was the blood Wassermann reaction negative in the absence of a history 
of previous antisyphilitic treatment. 

The authors therefore suggest that syphilitic aortic insufficiency is 
frequently present in clinically recognizable form for long periods before 

125._ McDermott, W.; Tompsett, R. R., and Webster, B.: Syphilitic Aortic 
Insufficiency: The Asymptomatic Phase, Am. J. M. Sc. 203:202 (Feb.) 1942. 
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the development of symptoms and that the prognosis as to average 
duration of life is better than is usually believed. 

According to Sprague/-® the absence of left axis deviation in the 
electrocardiograms of patients with syphilitic aortitis suggests a compli- 
cation beyond simple aortic regurgitation. Conditions resulting in acute 
or chronic strain on the left ventricle or conditions resulting in an 
additional strain on the right ventricle are largely responsible for a 
normal electric axis or right axis deviation. .In patients with bundle 
branch block considerable coronary obstruction may be present. Sprague 
believes the electric axis of the electrocardiogram to be of more use 
than the ST and the T segment in indicating complications of syphilitic 
aortitis. The results of his study emphasize again that the extent of 
the disease process and the presence of complications are of more 
importance than the etiologic factor alone in the production of alterations 
in the electrocardiogram. 

Flint’s Murmur . — An explanation of the mechanism of Flint’s mur- 
mur acceptable to many clinicians is that blood regurgitating through 
a damaged aortic valve strikes against the anterior mitral curtain and 
pushes it laterally into the auriculoventricular blood stream. As a 
result, a functional obstruction is created at the mitral valve. The 
anterior mitral leaflet, displaced from its usual position in diastole, now 
hangs suspended between two down flowing streams of blood and is 
impinged on by both; therefore, vibrations are set up which cause the 
rumbling presystolic apical murmur of aortic regurgitation. Since only 
a small number of patients with aortic regurgitation have a Flint 
murmur, it is probable that some anatomic or physiologic difiference 
occurs in those who do have such a murmur. 

A lesion involving the posterior aortic leaflet has generally been 
thought to be responsible for Flint’s murmur. This assumption was 
based on experimental aortic regurgitation produced in dogs by opera- 
tive perforation and laceration of the posterior aortic leaflet. After 
this operation, 36 per cent of the dogs had a diastolic apical murmur 
and a diastolic apical thrill. 

Gouley describes the pathologic changes noted in the aortic and 
the mitral valve in 10 cases of aortic insufficiency with an associated 
Flint murmur. In the majority of cases the patients had cardiovascular 
syphilis. Five cases are discussed in detail. In all cases the right 
aortic leaflet presented a concave cup-shaped deformity of its inner 
portion; this inner portion sagged, and the free margin pouched or 

126. Sprague, H. B.: Sj'philitic Aortitis with Aortic Regurgitation: An 
Electrocardiographic and Autopsy Survey at the Massachusetts General Hospital, 
J. Mt. Sinai Hosp. 8:1034 (Jan.-Feb.) 1942. 

127. Goule}% B. A.: Aortic Valvular Lesion Associated with Austin Flint 
Murmur, Am. Heart J. 22:208 (Aug.) 1941. 
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drooped outward into the ventricular lumen. The other leaflets were 
either normal or only slightly involved. Also noted was the thickening 
of the anterior mitral curtain on its ventricular aspect. In some cases 
the lower half of the curtain, including the site of attachment of the 
chordae tendineae, showed an almost uniform increase in thickness and 
opacity. Usually, this was notable at the inner and the lower portion 
of the curtain. Endocardial sclerosis also involved the mural endo- 
cardium of the adjacent ventricular septum. 

Infarction in Syphilitic Heart Disease. — ^In Garvin’s study of the 
incidence of embolic manifestations in various forms of heart disease, 
25 of 67 patients with syphilitic heart disease were found on postmortem 
examination to have infarcts in various organs, an incidence of 37.3 
per cent. Infarcts were most frequently noted in the lungs and the 
brain. 

Syphilitic Myocarditis. — In a comprehensive review of the general 
subject of myocarditis Saphir has discussed the pertinent literature 
and his own extensive experience with the controversial subject of 
syphilitic involvement of the myocardium. In his opinion the crux 
of the question lies in the unequivocal demonstration of S. pallida, for 
he does not feel that it is justifiable to attribute a specific cause to non- 
specific histologic lesions, such as those often noted in the myocardium. 
He concludes that diffuse syphiltic inflammation with the presence of 
spirochetes in acquired syphilis is extremely rare, if it occurs at all, 
and suggests the need for more thorough histopathologic studies with 
confirmation by animal inoculations. 

Aortic Aneurysm as a Cause of Obstruction of the Venous Circular- 
tion of the Mediastinum. — Aortic aneurysm is mentioned by Hinshaw 
and Rutledge as among the lesions in the superior mediastinum 
which interfere with venous circulation. In 2 of the 22 cases observed 
by them obstruction was due to this cause. 

Rupture of Aortic Aneurysm into the Pulmonary Artery. — Current 
textbooks on medicine, physical diagnosis and cardiology contain few 
accurate data on the clinical course and the physical phenomena of a 
fistulous opening between an aortic aneurysm and the pulmonary artery. 
According to Porter,^^^ this syndrome was nearly perfectly described 

128. Garvin, C. F.; Infarction in Heart Disease, Am. J. M. Sc. 203:473 
(April) 1942. 

129. Saphir, O.: Myocarditis: A General Review, with an Analysis of Two 
Hundred and Forty Cases, Arch. Path. 33:88 (Jan.) 1942. 

130. Hinshaw, H. C., and Rutledge, D. I.: Lesions in the Superior Medias- 
tinum Which Interfere with Venous Circulation, J. Lab. & Clin. Med 27'90& 
(April) 1942. 

131. Porter, W. B. : The Syndrome of Rupture of an Aortic Aneurysm into 
the Pulmonary Artery, Tr. A. Am. Physicians 56:201, 1941. 
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by Hope in 1833. In the present paper 3 cases of such a condition 
are reported in detail. The criteria for the syndrome are summarized 
as follows: 

Continuous and severe breathlessness. 

The physical phenomena of pulmonary stasis are slight in proportion to the 
intensity of the dyspnea. 

Preponderance of right heart failure, which develops immediately after the 
onset of the acute respiratory distress. 

Cyanosis is not a significant phenomenon. 

A purring systolic and diastolic thrill over the base of the heart [most intense 
during the systolic phase]. . . . 

A long, harsh, continuous murmur with the point of maximum intensity at the 
third inter [costal] space 1 to 3 cm. to the left of the sternal margin. The 
systolic phase of the murmur is peculiarly harsh and long, while the diastolic 
phase IS short in duration and transmitted downward for only a few centimeters 
along the left sternal margin. The murmur is best heard with the patient in a 
sitting posture and leaning slightly forward. 

Absence of an Austin Flint . . . murmur. 

The peripheral arterial phenomena of free aortic insufficiency. 

Physical and roentgenographic evidence of aneurysm of the ascending aorta. 

Cardiac enlargement, but not classically aortic in type. 

The electrical axis of the electrocardiogram may progress to a right axis 
deviation. 

The stethogram shows a murmur similar in its essential details to that of a 
patent ductus arteriosus. 

White, Chamberlain and Kelson have also discussed the syn- 
drome of rupture of an aneurysm of the aorta into the pulmonary artery. 
In 6 of the 13 cases reported in the literature in the last twenty-five 
years the patients were Negroes; in only 5 did the patients live more 
than two months after the onset of symptoms. The case observed 
by the authors was unusual in that the patient survived twenty-one 
months. The clinical diagnosis was apparent from the combination of 
the development of a continuous murmur in the area of the pulmonary 
valve, the bulging pulmonary arter}'^ visible on roentgen examination 
and the rapid appearance of congestive heart failure, without early 
fatality, in a Negro with known syphilitic aortitis. 

SYPHILIS OF THE CENTRAL NERVOUS SYSTEM 

Management oj Neurosyphilis . — Dattner and Thomas outline the 
management of patients with syphilis of the central nervous system. 
In their experience the t 3 ^pe of involvement of the central nervous 
system is less important than the activity of the neurosyphilitic process. 

132. White, P. D.; Chamberlain, F. L., and Kelson, S. R. : Rupture of 
Aorta into Pulmonary Artery with Long Survival, Ann. Int. Med. 15:589 (Sept.) 
1941. 

133. Dattner, B., and Thomas, E. W.: The Management of Neurosyphihs. 
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In determining activit}* the appearance of new clinical manifestations 
and the results of examination of the spinal fluid, especially increases 
in cells and in proteins, are considered reliable guides. The authors 
recommend the institution of fever treatment as soon as possible after 
the diagnosis is made in ever}- case in which examination of the spinal 
fluid indicates an active neurosyphilitic process and discuss the relative 
merits of inoculation of malaria parasites, intravenous administration 
of typhoid vaccine and production of fever by physical means. Chemo- 
therapy following tlie fever treatment is advised, and the authors report 
the relative safety of giving ten daily injections of 0.06 Gm. of maphar- 
sen immediately after the last episode of malarial fever. They decry 
umiecessar}’’ prolongation of chemotherapy following fever and recom- 
mend examinations of the spinal fluid for evidence of activity of the 
neurosyphilitic process at intervals of six months. 

Syphilitic Trigeminal Neuritis . — Strauss describes 4 cases in which 
exquisite tenderness of the masseter and the temporal muscles was 
encountered in patients with syphilitic trigeminal neuritis. The muscle 
tenderness and other signs of involvement of the fifth nerve disappeared 
with antisyphilitic therapy. The presence of such muscle tenderness 
with trigeminal neuritis should suggest syphilis as the etiologic factor. 

Syphilis of the Spinal Cord . — King has discussed in detail seven 
lesions of the spinal cord due to syphilis (vascular occlusion, meningo- 
myelitis, Erb’s spastic paraplegia, progressive muscular atrophy, gumma, 
hypertrophic cervical pachymeningitis and tabes dorsalis) and one due 
to arsenotherapy (hemorrhagic myelitis). He concludes: 

The following clinical syndromes are due to syphilitic involvement of the 
cord: 

1. Large vascular accidents involving the spinal arteries are an unusual con- 
dition. The best known example is thrombosis of the anterior spinal arterj". The 
signs are a segmental loss of pain, temperature and other manifestations of injury 
to the anterior horn cells, with varying amounts of damage to the ascending spino- 
thalamic and descending pyramidal tracts. The acute paraplegias of syphilis are 
also due to vascular occlusions, and they may be followed by a partial return of 
function. This is an early manifestation of spinal cord syphilis. Anj^ portion of 
the cord may be involved, without predominance at any point. 

2. A diffuse meningomyelitis, often associated with small vascular occlusions, 
is also seen early in the disease. This form is a more common variety. Pain, due 
to root irritation, is a frequent feature. The upper thoracic cord is most often 
affected, and girdle pains are characteristic. The process often subsides spon- 
taneously, and even more rapidly with treatment. Residua are usually few. 

3. Erb’s spastic paraplegia is a late form of syphilitic myelitis. The pyramidal 
tracts are most severelj- damaged, with only mild injury to other parts of the cord. 

134. Strauss, I. : Masseter and Temporal Muscle Tenderness in S 3 ’-philitic 
Trigeminal Neuritis, J. Mt. Sinai Hosp. 8:1060 (Jan.-Feb.) 1942. 

135. King, A. B. : Sj'philis of the Spinal Cord, Am. J. Svph., Conor. & Ven 
Dis. 26:336 (May) 1942. 



896 


ARCHIVES OF INTERNAL MEDICINE 


Besides the spastic paraplegia, there are frequently bladder disturbances. The 
syndrome is very slow in development and the middle thoracic cord alone is 
involved. Treatment is generally unsatisfactory. 

4. Progressive muscular atrophy is also a late complication. Here the anterior 
horn cells are the principal site of injury. The lower cervical cord is the most 
frequent location for the variety of spinal cord syphilis. Muscular atrophy and 
fasciculations are the usual clinical findings. Amyotrophic lateral sclerosis is a 
closely associated condition in which there is injury to the pyramidal tracts as well 
as to the anterior horn cells. There is a continual gradation between the two 
syndromes. Therapy is effective in halting the process. 

5. Gummas may occur after the first year of infection. The signs are those of 
cord neoplasm. Any portion of the cord or cauda equina may be the site of the 
granuloma. The results of therapy are usually good. However, there is one special 
form of massive, chronic gummatous process which is limited to the cervical region, 
known as hypertrophic cervical pachymeningitis. Symptoms and signs may be 
those of a mass, but they may simulate those of syringomyelia or amyotrophic 
lateral sclerosis. It is very resistant to treatment. 

6. Tabes dorsalis is a process in which the sensory roots alone are damaged, 
resulting in ataxia, loss of reflexes, bladder disturbances, characteristic gait, and 
various forms of pain. It is usually a late complication of syphilis. One or several 
cranial nerves may be injured concurrently. While the site of the lesion is clear, 
its mode of production is not. It is not usual to find the blood and spinal fluid 
serologic tests for syphilis negative. The sacral portion of the cord is most fre- 
quently involved, with a slow, steady upward spread. Treatment may halt the 
process, and at times give relief from pain. 

7. Hemorrhagic myelitis is included because it may be a complication of ars- 
phenamine therapy, which is used extensively in the treatment of syphilis. Arsenic 
alone is probably responsible for the damage to the cord. The lesion is essentially 
capillary damage produced by arsenical drugs which result in minute hemorrhages 
in the substance of the cord. Usually the patients sustain a complete transverse 
myelitis. This complication of therapy is rare, and it frequently occurs after the 
second dose of arsphenamine. The thoracic cord is most often affected. Recovery 
is variable and rarely complete. Therapy is ineffectual. 

Encepluilo graphic Studies . — Electroencephalography has as yet not 
advanced beyond the descriptive stage. The ultimate goal of investi- 
gators in this field is to correlate electroencephalographic patterns with 
neurophysiologic processes. Only if such studies are made on lesions 
of the central nervous system of known types and locations will there 
be definite progress in this field. For this reason, Finley, Rose and 
Solomon report encephalographic studies on patients with syphilis 
of the central nervous system. 

The results of the study can best be described by quoting the authors’ 
summary and conclusions. 

1. Electroencephalographic records were obtained from 175 patients with neuro- 
syphilis, in 124 of whom the condition was diagnosed as dementia paralytica, in 20 
as tabes dorsalis, in 11 as juvenile dementia paralytica, in 8 as optic nerve atrophy 

136. Finley, K. H. ; Rose, A. S., and Solomon, H. C. : Electroencephalographic 
Studies on Neurosyphilis, Arch. Neurol. & Psychiat. 47:718 (May) 1942. 
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and 'in 12 as meningovascular neurosyphilis. These tracings are compared with 
the records from 215 normal controls. 

2. Normal electroencephalographic tracings Avere found for 19 per cent of the 
patients (treated and untreated) and for 70 per cent of the controls. Borderline 
records were found for 28 per cent of the patients and for 23 per cent of the controls. 
Abnormal records were found for 53 per cent of the patients and for 7 per cent of 
the controls. 

3. Abnormal electroencephalographic tracings were as common among patients 
with pure tabes and those with optic nerve atrophy as among patients with dementia 
paralytica. 

4. The records of 73 untreated patients with dementia paralytica showed a higher 
percentage of borderline and abnormal patterns than the records of 63 patients who 
had received treatment for nine months or more. 

5. No characteristic electroencephalographic pattern was found to be associated 
with neurosyphilis or with any type of neurosyphilis. The electroencephalogram 
has therefore no significant diagnostic value. 

6. The 73 untreated patients with dementia paralytica presented a degree of 
abnormality in the electroencephalogram which corresponded roughly with the 
clinical severity of the disease. 

7. Follow-up electroencephalographic records on many of the patients undergoing 
treatment with clinical improvement are presented. In most instances there was 
concurrent improvement in the electroencephalographic tracings. 

8. Electroencephalograms with abnormally slow, high voltage cycles were more 
likely to be found among patients with dementia paralytica who showed confusion, 
disorientation and profound memory loss, while rapid cycles were more common 
among those with euphoria or other mood disturbances and paranoid ideas without 
the aforementioned signs. Slow cycles indicated more serious cerebral dysfunction 
than did rapid cycles. 

9. The majority of abnormal patterns associated with all tj'pes of neurosyphilis 
Avere similar from homologous areas of the two hemispheres. This observation, 
together with the fact that abnormal records were as frequent in cases of pure tabes 
and optic nerve atrophy, suggests that lesions in or near the upper portion of the 
midbrain and the diencephalon may have more to do with the abnormal cortical 
electrical potentials than the cortical lesions. 

Malaria Inoadata in Therapy of N euro syphilis . — Since 1925 1,026 
patients have been treated Avith inoculation malaria at the University 
of Michigan Hospital, with 29 deaths occurring either during paroxysms 
or immediately following their termination, a mortality rate of 2.8 per 
cent. Wile and Mundt have studied the cause of death in this group 
of patients. 

Of the 29 deaths, peripheral circulatory collapse accounted for 12 
(41 per cent) ; pneumonia, 5 (17 per cent) ; hyperpyrexia, 5 (17 per 
cent), and suicide, 2 (7 per cent), Avhile there was 1 (3 per cent) 
death each from erysipelas, cerebral thrombosia, bleeding duodenal 
ulcer, ruptured spleen and respiratory failure with convulsions. Thirty- 

137. Wile,^ U. J., and Mundt, L. K. : An Analysis of Deaths Following Thera- 
peutic Malaria, Am. J. S 3 'ph., Conor. & Ven. Dis. 26:181 (March) 1942. 
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five per cent of the patients had dementia paralytica, while these patients 
accounted for 66 per cent of the deaths. From this the authors conclude 
that the risk associated with dementia paralytica is apparently greater 
than that associated with other types of syphilis of the central nervous 
system. 

On the basis of their analysis the same authors have outlined 
the proper management of patients inoculated with therapeutic malaria 
in order to avoid fatal complications, discussing briefly the various 
contraindications, precautions and complications, together with the man- 
agement of serious complications. 

Chemotherapy of Malaria . — New chemotherapeutic agents for the 
treatment of malaria continue to appear. Two new remedies have been 
tested by Coggeshall, Maier and Best.’^®'* They state : 

Seventeen patients acutely ill with vivax and falciparum malaria were treated 
with sodium p,p'-diaminodiphenylsulfone N,N'-didextrose sulfonate (promin). The 
results revealed a definite effect on naturally acquired human malaria infections. 
The vivax infections were more resistant to therapy than the falciparum. The 
infections in the native Negro residents were more responsive to the drug than 
the same infections in the relatively nonimmune white patients. 

Thirteen patients with vivax, falciparum and quartan malaria were treated with 
2-sulfanilamido pyrimidine (sulfadiazine). There was a demonstrable effect in 10 
cases but none in 3. Although the effect of this drug was definite, it appeared to 
be less active than promin when given under the conditions described. 

From the observations cited, it seems apparent that there is ample evidence to 
show that these new t 3 'pes of compounds, unrelated to quinine or atabrine, possess 
considerable activity against experimental and human malaria and, with related 
compounds, justify further study. 

It should be emphasized that at present there are no reasons for giving the drugs 
in preference to quinine or atabrine for the treatment of malaria, and they should 
be regarded only as important substitutes. 

Artificial Fever Therapy of Neurosyphilis . — Lopez reports the 

treatment of 5 patients with dementia paralytica with fever induced by 
inoculation with the spirochete of Mexican relapsing fever and claims 
improvement in the mental symptoms occurred in all patients so treated. 

Nielson, Marx and Dickel have treated 5 patients suffering from 
juvenile neurosyphilis with artificial fever therapy and subsequent 

138. Wile, U. J., and Mundt, L. K. : Avoidance of Fatal Complications in 
Therapeutic Malaria, Arch. Dermat. & Syph. 44:1078 (Dec.) 1941. 
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chemotherapy. One patient died during treatment, but the rest showed 
physical and mental improvement during an observation period of one 
to three and a half years. The authors believe the results from die 
use of artificial fever therapy in the ti'eatment of juvenile neurosyphilis 
compare favorably with those obtained by other investigators with 
malaria therapy. 

An improved method of obtaining sustained controlled hyperpyrexia 
with triple typhoid vaccine is reported by Solomon and Somkin.^"^^ 
Although their paper describes a method of fever therapy used in 14 
cases of subacute bacterial endocarditis, the method is applicable to the 
treatment of syphilis of the central nervous system. By giving triple 
typhoid vaccine slowly by the intravenous drip method, it was possible 
more or less to hold the temperature at any desired level for as long a 
time as was thought necessary. 

The method as described by the authors is as follows; 

The patient can be treated in his hospital bed; he must be well covered to 
minimize heat loss. . . . Triple typhoid vaccine in amounts equal to that ordinarily 
used in the first of a series of typhoid shock therapy injections is added to 1,000 
cc. of sterilized normal saline. This is thoroughly mixed and added to the sterilized 
infusion flask which usually has a capacity of 300 cc. This flask is agitated from 
time to time to insure an even suspension or organisms. The site of preference 
for insertion of the needle is a forearm vein. . . . The infusion is started at 
the slowest rate of flow possible (20 to 25 drops per minute). The chill usually 
occurs within 35 to 45 minutes, and can be suppressed to a considerable extent by 
injecting into the infusing tubing at the onset of the symptoms, morphine sulfate 
(.015 Gm.) and calcium gluconate or chloride (1 Gm.). If, as occasionally 
happens, there is no sign of a chill in 45 minutes, the infusion rate may be doubled. 
From this point on the temperature may be sustained at the effective level of about 
104 ° F. for as long as 6 to 10 hours without further chills. The maximum temper- 
ature elevation usually occurs within lj4 hours after the chill. Rectal temperatures 
every 10 to 15 minutes are quite important at that time. The infusing rate should 
not be increased by more than 2 times until the temperature has reached a constant 
level or has begun to fall. At that time the rate of flow may again be doubled or 
more feasibly an infusing solution with a greater number of killed organisms ma}"^ 
be substituted. As a general rule, the longer the temperature has been elevated 
the greater the number of organisms or drops per minute required to maintain 
the temperature at 104 ° F. . . . 

Elevations or depressions in the temperature can be obtained within 10 to 25 
minutes by increasing or decreasing the rate of flow. Excessive rises are controlled 
by sponging, exposing the limbs or antipyretics. Once the infusion is discontinued, 
the temperature drops rapidly. Replenishing solutions should usually contain 
twice the^ number of organisms as the initial solution. Morphine sulfate (.015 Gm.) 
is given intravenously every 3 to 4 hours for restlessness. In carrying out a series 
of treatments every day or every other day, the number of organisms used is 

142. Solomon, H. A., and Somkin, E.: An Improved Method of Obtaining 
Sustained Controlled Hyperpyrexia with Triple Typhoid Vaccine, Am. T. M. Sc 
203:736 (May) 1942. 
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determined in a manner similar to that of the single injection technique, namely, 
.02 or .03 cc. of triple t 3 ’^phoid vaccine for the first, .1, .2, .4 cc. and so on for the 
succeeding ones. 

It is wise to start with a very small number of organisms for the first treat- 
ment as there is often a prolonged febrile response and a secondary rise lasting 
1 to 2 days. For this reason, we are inclined to feel that since the first injection 
with its variable response is so often apt to give but a poor temperature elevation, 
it is simpler to administer only 1 injection of triple typhoid vaccine for the first 
session. The temperature elevation should be allowed to subside before starting 
the next treatment. The infusion should not be continued for longer than 6 hours 
until the febrile responses are properly gauged. . . . 

Combined Fever Therapy and Chemothei'apy . — An extensive critical 
review of the treatment of syphilis with artificial fever combined with 
chemotherapeutic agents has appeared as a supplement to Venereal 
Disease Information. The results of the ten years’ experience of the 
authors, Simpson, Kendell and Rose,^"*® with the method, together with 
information included in reports to them by other investigators with 
experience in the field, is summarized as follows : 

1. After a decade of rich and constantly enlarging experience with physically 
induced artificial-fever therapy, the successful results achieved by many workers in 
many lands are sufficiently comparable to justify the categoric statement that arti- 
ficial-fever therapy is at least as effective as malarial therapy in the managemenc 
of symptomatic or asymptomatic neurosyphilis. In the hands of many reliable 
investigators artificial-fever therapy has 3 'ielded significantly superior results. 
Patients who have not responded well to malarial therapy have been benefited by 
subsequent artificial-fever therapy. 

2. There is unmistakable evidence that the extent of clinical improvement in 
neurosyphilitic patients is related directly to the height and the duration of 
fever. . . . There is no longer any valid reason to assume that the malarial 
plasmodium exerts any specific effect upon Spirochaeta pallida. 

3. Several investigators who have had long experience with malarial therapy 
and with artificial-fever therapy have abandoned malarial therapy in favor of 
artificial-fever therapy. This decision was determined largely by the observations 
that (a) patients tolerate artificial-fever therapy more readily, (6) a high proportion 
of neurosyphilitic patients can be treated with artificial fever on an ambulatory 
basis without interruption of gainful employment, and (c) treatment complications 
are minimized with artificial-fever therapy. 

4. Since continuous hospitalization is not a requirement for treatment with 
artificial fever of most neurosyphilitic patients, the cost of the treatment is not 
necessarily greater than with malarial therapy. If the patient remains at his 
regular employment during the course of artificial-fever therapy, the cost is usually 
much less. 

5. The employment of auxiliary chemotherapy in conjunction with any type of 
fever therapy is an essential requirement. There is evidence that the concurrent 

143. Simpson, W. M.; Kendell, H. W., and Rose, D. L.: The Treatment of 
Syphilis with Artificial Fever Combined with Chemotlierapy : Results of Ten 
Years Experience, Yen. Dis. Inform., 1942, supp. 16. 
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use of chemotherapy with artificial-fever therapy increases the therapeutic effective- 
ness of both agencies. 

6. The hazards inherent in the various ph 3 '^sical modalities used for the production 
of artificial fever during the first few j'ears of the undertaking have been largely 
eliminated. . . . 

7. Developments of the past few years have demonstrated that equally favorable 
clinical and serologic results may be obtained with fewer total hours of artificial- 
fever therapy, applied in shorter individual sessions at more frequent intervals. 
This practice permits the treatment of more patients at less cost. 

8. The excellent results following the use of combined fever-chemotherapy in 
cases of asymptomatic neurosyphilis indicate that the patient’s best interests are 
served by the prompt administration of this form of treatment. 

9. The exudative forms of ocular syphilis, in contrast to tlie degenerative lesions, 
usually respond promptly and favorably to combined artificial fever-chemotherapy.' 
Procrastination should be avoided in administering fever therapy in cases of 
exudative ocular syphilis in which chemotherapy is ineffective. There is reason to 
believe that primary optic atrophy may sometimes be improved or arrested by fever- 
chemotherapy. 

10. The addition of artificial-fever therapy to the program of chemotherapy will 
produce serologic reversal in the majority of patients with resistant seropositive 
latent syphilis. 

11. The general recognition of the inadequacies of present-day chemotherapeutic 
programs in the management of early syphilis has led to investigations of the pos- 
sible usefulness of artificial-fever therapy combined with chemotherapy in such 
cases. There is a growing body of evidence which indicates that artificial fever 
intensifies and fortifies the effectiveness of antisyphilitic chemical compounds. It 
seems possible that the time, effort, and expense required for the eradication of 
early syphilis may be lessened as the result of future researches in this direction. At 
the present time such methods of treatment should be considered strictly experi- 
mental. The results achieved thus far, however, should stimulate other investigators 
to engage in long-term, controlled experiments with a view to the introduction of 
more rapid, more certain, less dangerous, and less costly methods of treatment. 

12. In the hands of skilled and devoted workers, artificial-fever therapy provides 
the venereologist with a potent therapeutic weapon. 

Metrazol Shock Therapy of Psychoses Associated with Dementia 
Paralytica . — It is a not uncommon clinical experience in the treatment 
of patients with dementia paralytica that despite improvement in the 
abnormal condition of the spinal fluid a patient may remain psychotic. 
Attempting to benefit this group of patients, Kenyon, Lozoff and Rapa- 
port^^^ have treated 16 psychotic patients with metrazol. Twelve of 
these patients had previously received fever therapy; 4 had not had 
such treatment. After convulsions induced by metrazol, 2 of the fever- 
treated patients were 'improved sufficiently to be paroled, 5 others 
were improved somewhat and the remaining 5 did not receive any 

144. Kenyon, "V. B.; Lozoff, M., and Rapaport, D.: Metrazol Convulsions in 
the Treatment of the Psychosis of Dementia Paralytica, Arch. Neurol. & 
Psychiat. 46:884 (Nov.) 1941. 
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benefit. No particular danger was noted in inducing metrazol convul- 
sions in patients with dementia paralytica, and their reactions simulated 
those of patients with functional psychoses. The authors feel that 
metrazol shock therapy is warranted in those instances of dementia 
paralytica in which the psychosis does not respond to the usual treat- 
ment, including hyperpyrexia. 

Vitamin Therapy of Tabes Dorsalis. — It is now generally accepted 
that all patients with tabes dorsalis have syphilitic involvement of the 
central nervous system, but there is some doubt as to whether all the 
signs and symptoms of the tabetic patient are due entirely to syphilis. 
Several recorded experiments in animals suggest that certain dietary 
constituents are required for maintaining normal myelination. 

Stone has treated 18 patients with advanced tabes dorsalis with 
the vitamin B complex, vitamin B^ and vitamin E for periods ranging 
from three months to two years. Seventeen of the 18 patients received 
intraspinal injections of thiamine hydrochloride in doses ranging from 
10 to 50 mg., with one to six treatments per patient. All of them also 
received vitamin B complex and wheat germ oil orally. Definite 
improvement is recorded in gait, muscle strength and tone, coordination, 
function of the bladder, reduction of frequency of gastric crises and 
lightning pains. Neither severe reaction nor death resulted from the 
treatment, Intraspinal administration of thiamine hydrochloride and 
oral administration of vitamin E and the vitamin B complex may be 
used concurrently with fever therapy or arsenotherapy. Stone believes 
that the therapeutic results of fever are enhanced and that tolerance 
to arsenic and heavy metals is increased thereby. 

Degeneration of the Spinal Cord Produced Experimentally by Dietary 
Means. — Mitchell was able experimentally to produce ataxia and 
demyelination of the posterior roots in young pigs fed a synthetic diet 
which supplied normal growth requirements. These changes could not 
be related to any vitamin deficiency, and the author suggests that the 
abnormalities of the posterior column were due to a lack of some 
essential inorganic microconstituent of the diet, possibly copper, rather 
than to a want of any known vitamin. 

Sullivan and his co-workers have produced experimentally a 
generalized pruritic exfoliative dermatitis in young rats fed a ration 

145. Stone, S. : Vitamin B and E Therapy in Tabes Dorsalis, J. Nerv. & 
Ment. Dis. 95:156 (Feb.) 1942. 

146. Mitchell, D. : Spinal Cord Degeneration Produced by Dietary Means : 
Demyelinization of Posterior Roots in Young Pigs Fed Synthetic Diet Which 
Supplied Normal Growth and Appeared to Be Biologically Complete, Brain 64: 
165 (Sept.) 1941. 

147. Sullivan, M.; Kolb, L., and Nicholls, J.: Nutritional Dermatoses in the 
Rat: VII. Notes on the Posture, Gait and Hypertonicity Resulting from a Diet 
Containing Unheated, Dried Egg White as the Source of Protein, Bull. Johns 
Hopkins Hosp. 70:177 (Feb.) 1942. 
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containing uncooked egg white. At the height of the dermatitis abnoimal 
posture, abnormal gait and hypertoiiicity were usually observed. After 
several days of treatment with biotin concentrates or foodstuffs con- 
taining biotin (vitamin H concentrate) the last-mentioned signs were 
rapidly alleviated. 

Neurogenic Bladder.— Emmtti and Beare briefly discuss the theo- 
retic considerations of disturbances of the bladder associated with tabes 
dorsalis and point out that it is only necessary to read the scanty literature 
on vesical disturbances in this disease to realize that the subject is still 
one of the mysteries of medicine. This study is based on the case 
records of 977 patients with a condition given the diagnosis of tabes 
dorsalis at the Mayo Clinic during the seven year period 1934 to 1940, 
inclusive. Seventy-nine per cent of this group were males, and 21 per 
cent females. The majority of patients, 670 (69 per cent), were in 
the age groups from 40 to 59 years. Of the entire group of 977 
patients, 419 (42.8 per cent) complained of symptoms referable to 
the urinary bladder. 

These symptoms complained of by the 419 patients (74 females, 
345 males) are listed; the most commonly observed were incontinence, 
hesitancy, poor stream, nocturia, terminal dribbling, frequent desire to 
void and inability to tell when the bladder was full. Aside from incon- 
tinence and inability to tell when the bladder was full, the symptoms in 
the males were those commonly associated with obstruction of the 
vesical neck. Many of the patients in the series did not have residual 
urine measured, but in general, residual urine was more common in 
the males than in the females. Of the 196 male patients who were 
catheterized, only 77 had more than 150 cc. of residual urine. Only 
150 male patients complained of incontinence; since only 77 of these 
were found to have more than 150 cc. of residual urine, certainly not 
more than 50 per cent of incontinence was due to the overflow type. 

The authors then discuss various types of incontinence and point 
out that in persons with continuous leakage there is frequently retention 
of more than 150 cc. of urine, and therefore incontinence in these 
patients probably is of the so-called overflow type. 

Only 129 of the 419 patients were subjected to cystoscopic examina- 
tion. The size of the trabeculae in the bladders of these patients varied 
greatly. The old dictum that there are fine trabeculae in a neurogenic 
bladder and coarse trabeculae in a bladder obstructed at the vesical 
neck may be seriously questioned. Of the 111 male patients subjected 
to cystoscopic examination, 61 (55 per cent) had definite obstruction 

148. Emmett, J. L., and Beare, J. B.: Bladder Difficulties of Tabetic Patients, 
with Special Reference to Treatment by Transurethral Resection T A M a" 
117:1930 (Dec. 6) 1941. > J- ^vi. .‘y. 
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of the vesical neck. This was due in 49 instances to lobar hyi^ertrophy ; 
in 10 to median bars, contractures of the vesical neck or carcinoma, 
and in 2 to various combinations of the conditions in the two preceding 
groups. The incidence of relaxation of the vesical neck in the incon- 
tinent group was somewhat higher. 

Of the 345 male patients who had vesical symptoms, 35 were sub- 
jected to transurethral prostatic resection. In some cases the urinary 
retention resulted from a simple obstruction of the vesical neck and 
tabes dorsalis was purely coincidental. In the majority, however, it 
was difficult to decide whether vesical dj^sfunction was the result of 
primary neurogenic atony, obstruction of the vesical neck with secondary 
atony or a combination of the two. 

The results of transurethral resection were gratifying. Residual 
urine was eliminated in almost all cases. Of the 13 patients in this 
group who suffered from incontinence prior to operation, 11 were 
completely relieved of this condition and 2 were considerably' helped. 
Incontinence was never produced by the operation itself. The authors 
believe that there is no more danger of incontinence following trans- 
urethral resection in patients with tabes dorsalis than in patients with 
other conditions. In the group subjected to surgical procedures were 
19 patients in whom it was felt that part if not all of the vesical dysfunc- 
tion was due to tabes. However, 15 of these patients obtained excellent 
results, and the condition in 4 was definitely improA^ed. The authors say : 

As far as the subject of incontinence is concerned, it seems to us that this con- 
dition in cases of tabes dorsalis is chiefly of two general types, (1) overflow from 
a distended bladder and (2) intermittent involuntary urination or the occasional 
loss of a small amount of urine before micturition takes place. This urine is lost 
apparently because there is so much sensory loss that the patient is not aware the 
micturition is about to begin. . . . 

We have no clinical data that would tend to confirm the theory that increased 
tone of the external urethral sphincter of tabetic patients may contribute to the 
urinary retention and difficult micturition. All of the data obtained from this 
study point to the fact that fibrosis or contracture of the internal (vesical) 
sphincter or obstruction in this situation produced by the enlargement of the prostate 
gland is more likely to be responsible. If any obstruction is present, transurethral 
resection of the vesical neck will 3 'ield brilliant results in many cases. As far 
as we are aware, any local treatment of the external urethral sphincter has been 'of 
no benefit in any of these cases. Any tabetic patient who has difficulty in voiding, 
incontinence (especially of the overflow variety), residual urine and some demon- 
strable obstruction of the vesical neck has an excellent chance of relief of symptoms 
by complete transurethral resection. . . . 

Nesbit and Gordon believe that in the autonomous neurogenic 
bladder the detrusor muscles become hypertonic and that the circularly 

149. Nesbit, R. M., and Gordon, W. G.t Surgical Treatment of Autonomous 
Neurogenic Bladder, J. A. M. A. 117:1935 (Dec. 6) 1941. 
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arranged fibers at the neck of the bladder described as the internal 
sphincter share in the hypertonicity of these muscles. In their opinion 
this hypertonic internal sphincter acts as a definite obstruction, analogous 
to contracture of the vesical neck. As a result of this condition urine 
cannot escape from the bladder until the intravesical pressure exceeds 
the obstruction at the outlet. The authors believe that since nothing can 
be done about restoring the destroyed innervation of the neurogenic 
bladder, surgical treatment should be aimed at removing the obstructive 
factor. They summarize as follows; 

The autonomous neurogenic bladder results from destructive lesions of the conus 
terminalis and cauda equina. Since the internal sphincter shares in the hyper- 
tonicity of the bladder, it acts as an outlet obstruction. As with any outlet obstruc- 
tion, bladder decompensation and damage to the upper urinary tract will ultimately 
result if the condition persists for a sufficiently long time. 

Modern treatment of the autonomous neurogenic bladder attempts to relieve 
the outlet obstruction. Presacral neurectomy has not proved satisfactory in our 
experience. Transurethral sphincterotomy yields more gratifying results, par- 
ticularly if undertaken before the bladder has decompensated. 

Surgical Treatment of Optic Chiasm Arachnoiditis. — Schaub,^®° dis- 
cussing the surgical treatment of optic chiasm arachnoiditis due to 
syphilis, states that in the past two years he has encountered 10 cases 
in which the diagnosis of this condition was verified at operation. In 
all cases the decline of visual acuity and visual fields, together with 
ophthalmoscopic signs of atrophy, were rapidly progressive, and in 9 
of the 10 cases the process was arrested by operation, Schaub believes 
that no patient with failing vision due to syphilitic atrophy of the optic 
nerve should be permitted to go blind without considering surgical 
intervention. The operative risk, whether or not tabes or dementia 
paralytica complicates the picture, is considered less than that associated 
with the surgical treatment of a tumor. 

Orthostatic Circulatory Insufficiency in Tabes Dorsalis, — Spingarn 
and Hitzig^®^ call attention to the association of tabes dorsalis with 
orthostatic circulatory insufficiency. Three tabetic patients observed 
by them showed, in varying degrees, falling blood pressure, diminished 
venous return and impaired cerebral blood supply on the assumption 
of an erect position. Carotid sinus hypersensitivity was present in 2 
of the patients. The recognition of such impaired orthostatic adjust- 

150. Schaub, C. F. ; Surgical Treatment of Syphilitic Optic Atrophy (Syph- 
ilitic Optico-Chiasmatic Arachnoiditis), Dis. E 3 ’-e, Ear, Nose & Throat 1:326 
(Nov.) 1941. 

151. Spingarn, C. L., and Hitzig, W. M. : Orthostatic Circulatory Insuffi- 
ciency: Its Occurrence in Tabes Dorsalis and Addison’s Disease Arch Int 
Med. 69:23 (Jan.) 1942. 
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ment in patients with tabes may clarify the significance of vertigo and 
fainting of which tabetic patients may complain. 

Injury to the Intervertebral Disk from Lumbar Puncture. — Munro 
and Harding have demonstrated roentgenographically that perforating 
injury to the posterior portion of the annulus fibrosis is a distinct pos- 
sibility during lumbar puncture whenever the needle penetrates too 
deeply. The authors recommend the abandonment of forced flexion 
of the spine and the use of the interspace between the last lumbar 
and the first sacral vertebra to decrease the possibility of this injury. 

Composition of Spinal Fluid Protein. — The protein content of cere- 
brospinal fluid is of significance in the diagnosis of many neurologic 
disorders, including neurosyphilis. Little is known, however, about the 
origin or the composition of spinal fluid proteins or of tlie variations 
in composition which accompany disease states. Kabat, Landow and 
Moore,^®® who have used the Tiselius electrophoresis apparatus in the 
stud)'^ of spinal fluid protein, note that the electrophoretic pattern of 
cerebrospinal fluid resembles that of blood plasma. Alterations in the 
composition of the serum proteins produce similar changes in the spinal 
fluid patterns. Colloidal gold activity with spinal fluid drawn from a 
person in a disease state is associated with the gamma globulin. 

Barrier Between the Blood and the Brain. — Friedemann has 

reviewed the facts relative to the blood-brain barrier which determines 
the distribution of substances between the blood and the central nervous 
system (as distinct from the barrier between the blood and the spinal 
fluid). This barrier is localized in the capillaries of the central nervous 
S3^stem which are endowed with selective permeability. The experi- 
mental evidence seems to indicate that the ability of substances to pass 
these capillaries is determined by their electrochemical properties. The 
cerebral capillaries are permeable to substances carrying a positive charge 
or no charge at the pn of the blood, while they are impermeable to 
those carrying a negative charge. No attempt has yet been made to 
correlate the electrical charge of S. pallida with its ability to pass the 
capillaries of the central nervous system, although such a study would 
be of interest in connection with the much discussed problem of the 
existence of neurotropic strains of S. pallida. 

152. Munro, D., and Harding, W. D., II. : Lumbar Puncture : Its Potential 
Role in the Production of Injuries to the Intervertebral Disk, J. A. M. A. 119 : 
482 (June 6) 1942. 

153. Kabat, E. A.; Landow, H., and Moore, D. H. : Electrophoretic Patterns 
of Concentrated Cerebrospinal Fluid, Proc. Soc. Exper. Biol. & Med. 49:260 
(Feb.) 1942. 

154. Friedemann, U. : Blood-Brain Barrier, Ph 3 ’siol. Rev. 22:125 (April) 1942. 
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SYPHILIS AND PREGNANCY 

Management . — Howard reviews the pathogenesis, diagnosis and 
management of syphilis in the pregnant woman. The duration of the 
infection in the mother and the treatment of the mother before and 
during pregnancy are considered the two major factors on which the 
health of the infant depends. Proper management requires follow-up 
examinations of the baby. The author believes : 

The outlook for the control of congenital syphilis is encouraging in view of the 
rapidly declining incidence of early syphilis, improved treatment for syphilis both 
before and during pregnancy, and the better understood diagnostic criteria for the 
diagnosis of congenital syphilis. The routine blood testing of pregnant women should 
also be effective in preventing congenital infection. . . . 

Benensohii presents the results of therapy in 789 of 935 syphilitic 
pregnant women studied. The diagnosis, of syphilis was based on the 
presence of a positive serologic reaction for syphilis, a history of early 
syphilis, previous stillbirths, premature labor, late abortions or positive 
serologic reactions for s^^philis in the husband. 

Routine treatment given to pregnant women in this clinic consists 
of concomitant weekly injections of 0.6 Gm. of neoarsphenamine and 
0.13 Gm. of bismuth subsalicylate. The patients were divided into two 
groups based on the results of treatment, failure and “salvage.” Failures 
included all patients aborting beyond the fourth month, those prematurely 
delivered of macerated or nonmacerated syphilitic fetuses, those delivered 
of stillborn fetuses or infants dying soon after birth and all infants who 
after birth presented evidence of congenital syphilis. The salvaged 
group included all infants followed for at least six weeks, during which 
time there was no evidence of congenital syphilis. 

Of the 935 pregnant women studied, 789 were treated. For 54 of 
these, treatment resulted in failure. Therefore, 93.3 per cent of the 
infants were salvaged. Among 146 untreated patients, results in 58 
(39 per cent) were considered failures. Better results are expected if 
patients receive more than ten treatments. However, a minimum amount 
of treatment was better than no treatment at all. The present series of 
patients was broken up into 608 patients who had not been previously 
treated and 327 who had received prior treatment. The results seem 
definitely better not only if the mother is treated with ten or more doses 
of an antisyphilitic compound during the course of pregnancy but if 
treatment has been given before pregnancy occurs. 

155. Howard, E. B.: The Significance of Syphilis in Pregnancy, Ven. Dis. 
Inform. 22:387 (Nov.) 1941. 

^ 156. Benensohn, S. J. : Pregnancy in the Syphilitic Mother : A Study of 
Nine Hundred and Thirty-Five Pregnancies at the Cook County Hospital, Am 
.T. Obst. & Gynec. 43:508 (March) 1942. 
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The incidence of congenitally syphilitic children is extremely high 
if secondary syphilitic lesions occur during pregnancy. In 9 patients 
with such lesions there were 5 in whom treatment failed. However, 
only 2 of the 5 patients received adequate therapy. Because of this 
high incidence of congenitally syphilitic children, resulting from a com- 
bination of pregnancy and early syphilis, 8 subsequent patients have 
been treated by means of the five day intensive therapy plan. The 
first of these had a primary lesion at term and was given forty-eight 
hours of continuous intravenous drip therapy, after which time she 
was delivered of a nonsyphilitic infant. The second had secondary 
syphilis at the eight month of pregnancy and was treated intensivel}’ 
for five days, receiving 1,200 mg. of mapharsen. One month later she 
was delivered of a nonsyphilitic infant. Two additional patients gave 
birth to nonsyphilitic children; 1 patient aborted in the third month 
of pregnancy several days after completing her therapy. The other 3 
patients were undelivered at the time this paper was published. 

The data of Plass,^®^ which detail the experiences of members of 
the department of obstetrics and gynecology of the State University of 
Iowa over a thirteen year period, indicate that the fate of the offspring 
of syphilitic women appears to depend less on the duration of the 
infection at the time of conception than on the extent of treatment 
during pregnancy. The best results were obtained when treatment 
during pregnancy followed anteconceptional therapy. In the author’s 
opinion, unsupported by controlled observations, the pregnant woman 
with syphilis is “especially likely to develop treatment reactions to the 
arsenical antisyphilitic drugs.” 

Rolindo’s study of the placentas from syphilitic women shows 
that among those who were untreated for the disease there was more 
infiltration of the decidua basalis; greater hyperplasia of the villi, also 
with infiltration; more infarcts, and greater infiltration of the umbilical 
cord and the fetal membranes than among women who had received 
anti syphilitic treatment during pregnancy. 

Legal Aspects of Syphilis and Pregnancy . — It has been more than 
twenty-five years since the first legal attempts were made to control 
the transmission of syphilis from one partner in marriage to the other. 
Peckham summarizes the pros and cons of legislation relating to 
premarital and antepartum serologic tests. Emphasizing the efficacy of 
modern treatment in the prevention of congenital syphilis, the author 
expresses the belief that congenital infection will practically, if not 

157. Plass, E. D. : Syphilis in Obstetrics, Am. J. Obst. & Gynec. 43:484 
(March) 1942. 

158. Rolindo, O. : Da influencia da sifilis na interrupgao da prenhez, Imprensa 
med. 18:87 (Dec.) 1941. 

159. Peckham, C. H., Jr.: Legal and Therapeutic Aspects of Syphilis and 
Pregnancy, J. A. M. A. 117:1863 (Nov. 29) 1941. 
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entirely, disappear as soon as all women consult their physicians early 
in pregnancy and the value of routine serologic tests and treatment 
becomes universally understood, and that legal requirement of pre- 
marital and antepartum serologic tests contributes to the eradication 
of syphilis. 

Administration of Clinics for Pregnant Women with Syphilis . — 
Ingraham and Ingraham indicate the need of special consideration 
for the j)regnant woman with syphilis, both before and after delivery. 
From the administrative point of view the authors feel that congenital 
syphilis best can be prevented by the establishment of a special family 
clinic for the antepartum and postpartum treatment of the syphilitic 
pregnant woman and her newborn child. Such a clinic should be 
staffed by medical and attendance follow-up personnel with a special 
interest and training in control of syphilis. Facilitation of prompt and 
adequate treatment both for mother and for child is claimed for this 
administrative service. 

CONGENITAL SYPHILIS 

Incidence . — Wile and Mundt have analyzed the records of 500 
patients to determine the frequency of the various manifestations of 
untreated congenital syphilis and the combinations in which they 
occurred. Their patients were divided into an infantile and a tardive 
group, the former including patients up to the age of 2 years and the 
latter all others. 

In the infantile group the authors made the following observations : 
1. Except for four doubtful reactions the blood of all patients had 
strongly positive serologic reactions for syphilis. The reactions of the 
spinal fluid for syphilis were positive in 47 per cent of the 19 patients 
tested. 2. Involvement of the eyes and ears was uncommon. 3. Eighteen 
per cent had snuffles, a condition occurring three times as often in 
girls as in boys. 4. Twenty-seven per cent had cutaneous eruptions 
due to syphilis. Lesions of a mucous membrane were rare. 5. One 
third of the patients had a significant generalized lymphadenopathy. 
6. Splenomegaly was present in 2 per cent of the group, and in 3 per 
cent both the liver and the spleen were enlarged. 7. Five per cent 
had active bone lesions and another 12 per cent inactive involvement 
of bone. Thirty-eight per cent of the patients presented developmental 
bone stigmas. 8. Of the 9 patients with neurosyphilis, one third were 
asymptomatic and one third had meningovascular syphilis. 

160. Ingraham, L. B., and Ingraham, N. R., Jr.: Prevention of Congenital 
Sj^philis in Large Urban Hospital : Study of Clinic Administration, Am. J. Syph., 
Conor. & Ven, Dis. 25:731 (Nov.) 1941. 

^ 161. Wile, U. J., and Mundt, L. K.:. Congenital Syphilis: A Statistical Study 
with Special Regard to Sex Incidence, Am. J. Syph., Conor. & A'en Dis 26*70 
(Jan.) 1942. 
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The following observations were made on the tardive group: 
1. Serologic reactions for syphilis were positive in 90 per cent. Twenty- 
seven per cent of 343 patients whose spinal fluid was tested had positive 
reactions for syphilis. 2. Eight per cent presented cutaneous changes, 
of which the most frequent was rhagades. 3. The most frequent 
abnormality of the nose and throat was saddle deformity, with an 
incidence of 10 per cent. 4. Deafness due to abnormality of the eighth 
nerve was reported in 6 per cent of the patients. 5. Fifty-nine per cent 
had ocular lesions. Interstitial keratitis, the most frequent manifesta- 
tion of late congenital syphilis, occurred in 44 per cent of the patients, 
affecting females twice as often as males. 6. Thirty-one per cent of 
patients over the age of 6 had Hutchinson teeth, and in another 16 per 
cent the teeth were suggestively hutchinsonian. 7. Arthritis was an 
unusual finding. Outton ]omts were reported in 2 per cent of the 
patients. 8. Hutchinson teeth were observed no more frequently in 
patients with interstitial keratitis than in those without. Deafness, 
however, occurred twice as often in association with interstitial keratitis 
as it did alone, and the same was true for Glutton joints. Hutchinson’s 
triad occurred 9 times. 9. Serologic reactions for syphilis were positive 
in the same proportion in patients with and in those without interstitial 
keratitis. The spinal fluid gave a positive reaction for syphilis only 
half as frequently in patients with interstitial keratitis as in the entire 
group. 10. Bone lesions occurred in 39 per cent of the group. 11. In 
each type of clinical neurosyphilis males were affected more frequently 
than females. In 27 per cent of the group the spinal fluid gave a posi- 
tive reaction for syphilis, and half of these patients were asymptomatic. 

Stigmas of Congenital Infection. — Krantz evaluates radial scars 
of the lips as a stigma of congenital syphilis. Other diseases, such as 
eczema, may produce these scars, but the author believes congenital 
syphilis to be the most frequent cause. The presence of radial scarring 
about the lips, especially when there is involvement of the vermilion 
border of the lips themselves or when the scarring is extensive, should 
always suggest the possibility of syphilitic infection. 

Oldach presents an evaluation of two physical signs considered 
by some to be stigmas of congenital syphilis. Among 92 patients with 
proved congenital infection, he encountered 5 with the swelling of the 
sternal end of either clavicle caused by syphilitic osteoperiostitis known 
as Higonmenakis’s sign. Among the group were 3 patients with 
DuBois’ sign, shortening of the fifth finger supposedly due to dys- 

162. Krantz, W. : Sind radiare Lippennarben ein verlassliches Stigma der 
konnatalen Syphilis? Dermat. Wchnschr. 112:369 (May) 1941. 

163. Oldach, F. A.: Zur Bewertung' des Klavikelsymptoms und des Klein- 
fingerzeichens bei der connatalen Lues, Deutsche med. Wchnschr. 67 : 487 (May 2) 
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trophy of the middle phalanx. The latter sign, however, was also 
encountered 8 times in 123 nonsyphilitic persons, and the author does 
not regard it as a true stigma of congenital syphilis. 

Fortes,^®"* radiologist to the Hospital Jesus in Rio de Janeiro, sur- 
veys his experience with osseous syphilis in infants and children. In 
a profusely illustrated article he discusses syphilitic osteochondritis, 
osteoperiostitis and osteomyelitis and the dififerential diagnosis of rickets 
and scurvy. 

Dental Abnormalities Associated with Congenital Syphilis. — De 
Alzaga and Sundblad discuss the dental abnormalities encountered 
in 125 patients with congenital syphilis. Hutchinson incisors and 
agenesis of the lateral incisors are considered pathognomonic, but the 
cusp of Carabelli and the separation of upper central incisors (Gaucher’s 
sign) are not. Retardation of the second dentition was no more fre- 
quent in persons with congenital syphilis than in normal subjects. 
Caries of the first molar was observed in 65 per cent of the patients 
with syphilis. 

Attempting an analysis of the literature and of his own experience 
regarding congenital syphilis as an etiologic factor in malocclusion of 
the teeth, Stathers finds that no particular type of malocclusion 
occurs with sufficient frequency to be considered characteristic. 

According to Anderson,^®' in congenital syphilis there is a tendency 
toward a symmetric enamel defect characterized by thinning, pitting 
and grooving. The changes are similar to those due to rickets, although 
in syphilis the entire enamel is more likely to be involved. 

Syphilitic Aortitis in Congenital Syphilis. — Yampolsky and PoweP°® 
have reviewed the literature on reported cases of syphilitic aortitis and 
aortic insufficiency in congenitally syphilitic children. They give a 
detailed report of a 9 year old Negress who came to the hospital com- 
plaining of shortness of breath, vomiting and pain in the stomach and 
the chest. The child’s family history was negative except that at birth 
her mother was known to have had a positive serologic reaction for 
syphilis, and the cord and the sinus blood of the patient were also 

164. Fortes, J. F. : Lues 6ssea da premeira infancia, Rev. med. munic. 3:7 
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reported as giving positive reactions for syphilis. The child had been 
quite well until the present illness and had not suffered from short- 
ness of breath or pain in her joints. No stigmas of congenital syphilis 
were noted on physical examination. Attention was primarily directed 
to the heart; the rate was 136 per minute; there was a gallop rhythm, 
and a soft systolic murmur was heard at the apex. The heart was 
enlarged to the left and downward. Laboratory studies revealed leuko- 
cytosis and a positive serologic reaction for syphilis. Roentgen exami- 
nation of the chest showed the heart to be enlarged in all diameters, 
but particularly was there enlargement of the left ventricle. An electro- 
cardiogram showed a normal PR interval with slurring of the QRS 
complexes and a slight depression of the ST segments in leads I and II. 
The electrocardiogram was interpreted as showing myocardial disease. 
As a result of the clinical findings, the authors felt that it was only 
proper to make a diagnosis of congestive heart failure following rheu- 
matic myocarditis with mitral valvulitis. 

At necropsy the heart was carefully examined, and there was found 
no disease of the tricuspid, the mitral or the pulmonary valve. Except 
for slight widening of the commissures between tlie aortic cusps, the 
aortic valves were not remarkable. The intima of the aorta appeared 
edematous and lay in numerous longitudinal folds. This wrinkling 
and edema of the aorta were seen throughout the entire aortic arch. 
The microscopic appearance of the aorta was consistent with a diag- 
nosis of syphilitic aortitis. Also observed was marked narrowing of 
the ostiums of the coronary arteries. 

The authors believe that since there was no history or evidence 
of acquired syphilis on the external genitalia, this possibility must be 
excluded as a factor in the cause of death. The authors believe that 
the clinical and pathologic findings definitely point to the congenital 
origin of the aortitis. 

Interstitial Keratitis . — Arena reports the results of treatment of 
7 patients with syphilitic interstitial keratitis with a sulfonamide com- 
pound. The purpose of the report is to stimulate interest in this type 
of therapy, so that further controlled studies will be made. 

In this series all children had bilateral interstitial keratitis; only 1 
had received previous antis 3 "philitic treatment. Five of the children 
received sulfanilamide; 1 received sulfapyridine (2-[paraaminobenzene- 
sulfonamido] -pyridine), and 1 received sulfathiazole (2-[paraamino- 
benzenesulfonamidoj-thiazole). Along with this therapy antisyphilitic 
treatment was given. Photophobia and clouding of the cornea cleared 
up with remarkable rapidit}’’ within one to three weeks. It is felt that 

169. Arena, J. M.; The Use of Sulfonamides in the Treatment of Syphilitic 
Keratitis, J. Pediat. 20:421 (April) 1942. 
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this could only be due to the action of the sulfonamide compounds, 
since antisyphilitic therapy consisted of one or two doses of a prepa- 
ration containing bismuth administered intramuscularly. No attempt 
lias yet been made to appl}'’ the drugs locally. The author realizes 
that there is no evidence to substantiate the use of sulfonamide com- 
pounds in the treatment of this condition, since previous reports would 
indicate that they were not effective in the treatment of syphilitic 
infections. 

Congenital Syphilis in the Third Generation. — Werner has 

reviewed the literature pertaining to congenital syphilis in the third 
generation, adding 3 probable cases. Twenty-five of 47 cases culled 
from the literature are accepted as true infections in the third generation. 
In this group interstitial keratitis, Hutchinson teeth and tibial peri- 
ostitis were the most frequent manifestations, with polar cataract, 
chorioretinitis and optic atrophy less frequently observed. Nonspecific 
dystrophies of one kind or another were noted in the majority of cases, 
and the author believes these stigmas merit special consideration. 

SYPHILIS AND OTHER DISEASES 

Syphilis and Lymphogramdoma Venereum. — In a study of the 
coexistence of lymphogranuloma venereum with other venereal diseases, 
Shaffer and his collaborators studied 44 patients with syphilis. Of 
these patients, 30 white and 14 colored, 15 (34.1 per cent) had clinical 
evidence of lymphogranuloma venereum. The results of complement 
fixation tests for lymphogranuloma venereum were positive in 38 (86.4 
per cent), and the results of Frei tests with chick embryo antigen 
(lygranum) were positive in 28 (63.6 per cent). 

Syphilis and Hypertension. — ^Jacobs discusses the management 

of the hypertensive patient with syphilis. In his opinion antisyphilitic 
treatment is contraindicated ( 1 ) when congestive heart failure is present 
or impending, (2) when the hypertension is severe (200 systolic and 
120 diastolic), (3) when there has been recent coronary thrombosis 
or there are frequent attacks of angina pectoris considered not to be 
due to syphilitic aortitis, and (4) when the hypertensive patient is 
over 60 3 ^ears of age. 

170. Werner, M. : Lues congenita in der dritten Generation. Ihre Synip- 
tomatologie und Bedeutung fiir die Klinik. Mitteilung von drei Fallen von Lues 
congenita der dritten Generation, Deutsches Arch. f. klin. Afed. 187:435, 1941. 

171. Shaffer, AI. F. ; Rake, G. ; Grace, A. AV. ; AIcKee, C. AI., and Jones, 
H. P. : Lymphogranuloma A^enereum Intercurrent with Other A^enereal Diseases, 
-•Am. J. Syph., Gonor. & A^en. Dis. 25:699 (Nov.) 1941. 

172. Jacobs, S.: Syphilis and Hypertension, Urol, & Cutan. Rev. 46:^41 
(April) 1942. 
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Royster, Lisa and Carroll analyze the postmortem observations 
on the hearts of 33 patients with cardiac failure occurring in association 
with combined hypertension and syphilis without aortic regurgitation. 
Hypertrophy tended to be extreme. Arteriosclerosis of the coronar}' 
arteries was notably more severe than that encountered in the hearts 
of patients in comparable age groups with hypertension not compli- 
cated by syphilis. Damage to the myocardium was extensive and 
attended by diverse pathologic processes, among which infection, both 
valvular and extracardiac, predominated. The authors note that the 
clinical course of their hypertensive patients with syphilis after cardiac 
failure supervened was strikingly similar to that of patients with syphi- 
litic aortic regurgitation and failure. 

Syphilis and Rheumatic Heart Disease. — Lisa, Solomon and Eck- 
stein report the anatomic observations in 14 cases of combined 
syphilitic aortic valvulitis and rheumatic heart disease. In 9 instances 
the aortic valve was affected by both a syphilitic and a rheumatic 
process. Syphilitic involvement of the coronary ostiums producing 
atresia or stenosis was noted 10 times. Rheumatic mitral valvulitis 
was present in all cases. Clinically, the course of the combined dis- 
eases tended to be progressive and the response to therapy poor. In 
the great majority^ of cases the patients died within one and a half 
years, many never having recovered from their first decompensation. 

Syphilis and Genital Lesions in the Fenuile Due to Other Diseases . — 
Speiser says that infectious lesions about the external genital organs 
of the female offer a particularly intriguing problem, since the same 
etiologic factor may produce A^ariable lesions and different etiologic 
factors may produce similar lesions. There may be a coexistence of 
several infectious lesions. The incidence of genital lesions per thousand 
women admitted to the gynecologic service of Bellevue Hospital, New 
York, is as follows: primary syphilis, 1.4; secondary syphilis, 0.9; 
lymphogranuloma venereum, 5.2; granuloma inguinale, 0.4; chancroid, 
0.8 ; condyloma acuminata, 2.0, and abscess of Bartholin’s glands, 30.6. 
It is pointed out that this is not the incidence of genital lesions among 
women admitted to the hospital as a whole. The characteristic lesions 
of gonorrhea, syphilis, chancroid, granuloma inguinale and lympho- 

173. Royster, C. L. ; Lisa, J. R., and Carroll, J. : Anatomic Findings in the 
Heart in Combined Hypertension and Syphilis, Arch. Path. 32:64 (July) 1941. 

174. Lisa, J. R. ; Solomon, C., and Eckstein, D. : The Heart in Combined 
Syphilitic Aortic Valvulitis and Rheumatic Heart Disease, Arch. Path. 33:37 
(Jan.) 1942. 

175. Speiser, M. D. : Infectious Lesions About the External Genitals, with 
Special Emphasis upon the Diagnosis, Am. J. Obst. & Gynec. 43:681 (April) 
1942. 
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granuloma venereum are discussed. The common sites of chancre are 
given in their order of decreasing frequency as the fourchet, labia 
majora, labia minora, urethra, perineum, vagina, thigh and mons veneris. 
One must ever be mindful of the possibility of a syphilitic infection 
when lesions appear on the external female genitalia, since in the various 
localities there are great differences in the appearance of the primary 
lesion. For this reason, dark field examination should be made of 
material from all lesions on the female genitalia. 

Under the discussion of chancroidal infections the author says that 
a diagnosis of chancroid should never be made without excluding 
syphilis because the lesions of the two diseases cannot be differen- 
tiated clinically. It is pointed out that the original soft chancre pre- 
cedes the hard syphilitic one, because the incubation period of the 
former is much shorter. Suggestive characteristics of the superimposed 
hard chancre make themselves manifest only after the first few weeks 
of the chancroid. 

3120 St. Paul Street. 

1014 St. Paul Street. 

101 West Read Street. 



Book Reviews 


Epilepsy and Cerebral Localization: A Study of the Mechanism, Treat- 
ment and Prevention of Epileptic Seizures. By Wilder Penfield and 
Theodore C. Erickson, with special chapters by Herbert H. Jasper and 
M. R. Harrower-Erickson. Price, $8. Pp. 623, with 163 illustrations. 
Springfield, III. : Charles C. Thomas, Publisher, 1941. 

This comprehensive treatise on convulsive and allied disorders brings up to 
date existing knowledge on the subject and encompasses the authors’ numerous 
contributions in the field. Dedicated to Hughlings Jackson and Charles Sherring- 
ton, the book effectively follows the former master in utilizing the phenomena 
of epilepsy in illuminating the details of cerebral function. It begins with a 
short history of epilepsy and continues with discussions of functional localization 
in the cerebral cortex; the mechanism of seizures; the types of lesions which 
may give rise to attacks; predisposition and inheritance; medical, symptomatic 
and surgical treatment, and methods of case analysis. Cranial roentgenolog}^ 
including pneumography and arteriography, is described, and special chapters by 
the associate authors are included on electroencephalography and psychologic 
studies of patients with epileptic seizures. An extensive bibliography and an 
index add to the usefulness of the book. 

There is no gainsaying that the book constitutes a definitive treatment of the 
subject. That its viewpoint is predominantly surgical is inevitable, considering 
the surgical interests of the authors, and perhaps can be excused, but it leads to 
a failure to give adequate consideration to the chemistry of the convulsive dis- 
orders, the role played by psychogenic factors in the precipitation of seizures and 
the place of psychotherapy in the management of patients with these disorders. 
Such defects militate somewhat against the usefulness of the book to general 
practitioners, who treat the great bulk of epileptic patients, but leave it valuable 
to specialists, who are more apt to encounter bizzarre and exceptional types of 
symptomatic convulsions due to trauma and tumor. 

Perhaps one should not quibble over matters of terminology. Despite gen- 
eral recognition of the disadvantages of the term “epilepsy,” no suitable substitute 
has appeared. There must be a radical difference between patients who are sub- 
ject to seizures throughout their whole lives without ever presenting evidence of 
structural disease of the brain and those who have attacks only because they 
have brain tumors. The authors use the term epilepsy to cover all conditions, 
and in the present state of knowledge (or ignorance) they may be justified. Yet 
in medical usage the word is coming more and more to be restricted to those 
conditions which are truly cryptogenic, and it seems scarcely right to speak of a 
patient as epileptic when he really suffers from cerebral tumor, eclampsia, Stokes- 
Adams syndrome or hypersensitivity of the carotid sinus reflex. The authors 
seem to be on even less defensible grounds when they classify as epilepsy the 
“dizziness,” vertigo, facial and pharyngeal spasm and paresthesias, as well as 
the “threatend syncope,” observed in cases of infratentorial tumor. Such symp- 
toms, occurring in other pathologic conditions in the posterior fossa, do not strike 
me as epileptic. It would seem more reasonable to restrict the term epilepsy to 
truly cryptogenic fits and to describe similar, symptomatic phenomena as simply 
epileptoid. 

Nevertheless the book is extremely valuable, particularly to neurosurgeons, 
as a compendium of knowledge on the subject and as a contribution to understand- 
ing of the functions of the cerebral cortex. The extensive chapter on electro- 
encephalography is particularly worth while, although future work in the field may 
prove this modern method of study to be less final in the diagnosis of epilepsy 
than is often thought. On the whole, the book is so extensive, so inclusive in its 
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treatment of the many aspects of convulsive disorders and so exhaustive in its 
presentation of the authors’ important work in the surgical therapy of focal 
seizures that no physician who would be well read can afford to neglect it. 

Paroxysmalnaya Tachycardia. By Prof. M. E. Mandelstamm. Pp. 218, with 

77 illustrations. Leningrad: Pediatric Medical Institute, 1940. 

This volume presents a well organized collection of information on all types 
of paroxysmal tachycardia and other disturbances of the cardiac rhythm. 

An extensive study of the subject has been carried on in Soviet Russia for 
the past ten or fifteen years, and this work points out the importance of a 
knowledge of disturbances of the cardiac rhythm and its relation to cardiovascular 
disease. 

A short historical review is followed by chapters on pathologic anatomy, 
experimental data, etiology, pathology and clinical symptoms. Following this 
the different forms of graphic representation are described, including sphygmo- 
grams, phlebograms and electrocardiograms. 

The author then mentions the clinical and the physical signs by which the 
different tachycardias may be suspected. He deals with paroxysmal fibrillation 
and flutter and other arrhythmias that occur in transitory stages. There is a 
chapter on terminology. About a quarter of the book is devoted to clinical course, 
progress and treatment. 

The observations that are made are drawn from clinical cases encountered at 
the Institute. 

As therapeutic measures the author describes mechanical agents and drugs. 
Among the mechanical agents pressure on the carotid sinus and on the eyeball 
proved most effective in arresting paroxysmal attacks. 

The effect of drugs, such as digitalis, quinine, quinidine and mecholyl, which 
were successfully used in this study, is described in detail. 

The importance of prophylactic measures is stressed as well. There is included 
a vast bibliography drawn from the Russian, English, French and German literature. 

It is most gratifying to learn that studies of this type have now reached a 
high level in the Soviet Union. This study is well worth the consideration of any 
one interested in cardiac arrhythmias. 

Synopsis of Ano-Rectal Disease. By Louis J. Hirschman, M.D., F.A.C.S. 
Second edition. Price, §4.50. Pp. 315, with 182 text illustrations and 12 color 
plates. St. Louis : C. V. Mosby Company, 1942. 

It is apparently the desire of the author to present a concise discussion of those 
diseases of the anus and rectum which are amenable to office treatment. Of 
necessity, discussion of major diseases of this region had to be omitted. Never- 
theless wherever it is necessary, as in the discussion of a differential diagnosis, 
adequate reference to these conditions is made. Likewise, any discussion of 
pathologic aspects other than those referring to clinical findings was beyond the 
scope of this synopsis and consequently was not included. 

In limiting the major part of the discussion to the commoner diseases of the 
anus and rectum, the author has been able to present his subject in considerably 
more detail than would have been otherwise possible in a synopsis. The symp- 
tomatology, as well as the gross pathologic changes encountered in various diseases, 
is clearly and adequately discussed. The pitfalls and difficulties encountered in 
treating these diseases are stressed in the description of the choice of therapy. 
Some of the therapeutic procedures presented as being tractable to an office practice 
may seem a little ambitious for an average physician’s office. However, the author 
discusses the necessary equipment, as well as emphasizes the importance of having it 
if such procedures are to be performed under office conditions. Wherever necessary' 
adequate illustrations are inserted. These augment the descriptions to which 
they refer and add much to the simplicify of the presentation. 

Students, as well as “general surgeons,” should find this book of value. To 
students it will ser\-e as an excellent introduction to a more detailed discussion 
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of the diseases of the anus and rectum. A “general surgeon” whose practice 
includes the treatment of these conditions will find the discussions of differential 
diagnosis, as well as the presentation of therapeutic procedures, of value. 

The Complete Weight Reducer. By C. J. Gerling. Price, $3. Pp. 246. New 
York: Harvest House, 

This handbook on weight reduction, Avritten for the layman, has been arranged 
in the form of a dictionary with brief paragraphs devoted to various aspects of 
the subject. The items discussed are arranged in alphabetic order. For example, 
on one page the following headings are found: “Cream (dairy),” “Creams for 
Reducing,” “Cure of Obesity,” “Cushing’s Syndrome” and “Cj'cling” ; on another, 
“Perspiration in Reducing,” “Perspirator,” “Petersime Electro-Thermo Bath,” 
“Phenolphthalein” and “Phosphorus.” From the brief and often inadequate dis- 
cussions devoted to each subject a few isolated facts may be learned, but there 
is no continuity of thought. Subjects discussed include food values, sample diets 
and menus, exercise for reducing, metabolism, endocrine glands, quackery and 
fraud. 

The author suggests in the introduction that the arrangement of the book 
permits the reader to “go immediately to any feature or aspect of the whole 
problem of reducing as it exists today and there find adequate information with- 
out working his way through a mass of data that is at the moment of no interest 
to him.” 

In the opinion of the reviewer, this encyclopedic method of presentation destroys 
any value which the subject matter presented might otherwise have. 

Occupatonal Diseases: Diagnosis, Medicolegal Aspects, and Treatment. 
Bj'' Rutherford T. Johnstone, M.D. Price, $9. Pp. 558, with illustrations. 
Philadelphia : W. B. Saunders Company, 1941. 

The author has gleaned from twenty-five years’ experience in a surgical and 
medical industrial service, with admissions exceeding 11,000 patients per year, 
a practical groundwork for a discussion of various occupational diseases. The 
patients admitted represented such diverse sources as chemical, mechanical, gen- 
eral manufacturing industries, agriculture, cattle raising, meat packing, fishing, 
canning, shipbuilding and airplane construction. Since patients were, to a large 
extent, referred by physicians in a number of localities, with a previous estimate 
of their condition and medicolegal status, the author has had an opportunity to 
obtain a cross section of the existing viewpoint among industrial physicians and 
general practitioners with regard to the purpose of compensation, as Avell as a 
chance to note the phases of industrial medicine not understood by members of 
the medical profession at large. For example, he states he is impressed with the 
fact that a scientific basis for diagnosis of the more frequent occupational diseases 
is not adhered to by the majority of physicians. 

Such experiences have helped the author to present his subject with emphasis 
on the practical needs of practitioners. 

Occupational Tumors and Allied Diseases. By AV. C. Hueper. Price, §8. 
Pp. 896. Springfield, 111. : Charles C. Thomas, Publisher, 1942. 

On opening this imposing volume one wonders how there is enough material 
on the occupational aspect of tumors to fill it, but in actual fact there is little 
overlap with what one finds in the usual textbooks on tumors. Nearly 300 pages 
are devoted to tumors of the skin, and this section contains a mine of useful 
material. Under the heading Occupational Tumors of the Respiratory System one 
finds, in addition to statistical discussions on the increase of tumors of the lung, 
discussions of such matters as the influence of silica, asbestos, iron, arsenic, chro- 
mates, nickel carbonyl, gases and fumes, tar, pitch, liquid petrolatum, paraffin, soot 
and radioactive agents. Other sections are treated with similar thoroughness, and 
the whole book contains an invaluable mass of material for reference. There is a 
thorough bibliography. 



ARCHIVES of INTERNAL MEDICINE 


Volume 70 DECEMBER 1942 Number 6 

Copyright, 1942, bv the American Medical Association 


POLYCYTHAEMIA VERA 

REPORT OF A CASE 


REGINALD FITZ, M.D. 
BURNHAM S. WALKER, M.D. 

AND 

CHARLES F. BRANCH, M.D. 

BOSTON 


In May 1783, when Harvard Medical School was in its infancy, 
Dr. Benjamin Waterhouse presented a paper before the American 
Academy of Arts and Sciences, This was the first communication to 
any scientific body from a member of the faculty of Harvard Medical 
School and therefore may be regarded as -an important foundation stone 
on which have been superimposed all subsequent medical publications 
by graduates of this school. At that time he said in nearly these words : 

I appeal to every practitioner who like me has anxiously turned over the obser- 
vations of others in hopes of finding something to guide him in a case wiiidi 
puzzles him to commit to writing the observations which he makes in order 
that an exact account of a hitherto inexplicable disorder may be transmitted to 
his successors. 

With this precept in mind the following account of a case of poly- 
cythaemia vera is recorded. The case appears unusual in that so far 
as can be determined it is the first example of the disease to be 
described in which the clinical picture of polycythaemia vera was seen 
to develop in a person previously regarded as normal, in ivhich its 
chnical earmarks disappeared under treatment and in which finally 
It left behind a variety of interesting vestiges of its previous existence! 


REPORT OP CASE 

In 1930 H. S.,_a 50 year old physician of Yankee breeding, presented himself 
for physical examination. He was a hard working practitioner, Tvas well so far 
as he knew and had been free of any serious illness in the past beyond an attack 
of pneumonia ten years before. His only complaint ivas that for many vears it 
had suffered from attacks of migraine, never producing sufficiently bad headaches 

to interfere with his work but of late becoming more frequent and bein^v accom 
panied by nausea and vomiting. accom- 
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The results of his general physical examination were unremarkable. The 
blood pressure was 140 mm. systolic and 80 mm. diastolic. Retinal examination 
revealed well outlined disk margins and normal-appearing vessels. The peripheral 
vessels seemed normal. The urine was free of albumin and sugar and contained 
an occasional leukocyte in the sediment. The hemoglobin concentration was 90 
per cent. The red and the white cells were normal in appearance. The Wasser- 
mann reaction was negative. 

The patient felt well for the next four years. Then he returned for recheck- 
ing. He had gained 14 pounds (6.5 Kg.) in the interval. He was a little con- 
cerned, he said, because his blood pressure was “climbing up,” and because- 
recently when he examined his own urine, he found that it contained “plenty of 
albumin and casts.” 

During the past four years his headaches had decreased in intensity. He 
remarked that he believed his peripheral vessels were becoming tortuous and 
sclerosed, and he feared that he was becoming generally arteriosclerotic, because 
he seemed to tire out more easily on less work and in general to feel less ener- 
getic than he would like. But on the whole he had no striking complaints. 

His appearance was about as it had been except that he now appeared rather 
flushed and had a suggestion of puffiness around the eyes. The heart was not 
hypertrophied, and the eycgrounds failed to show any obvious vascular lesions. 
The blood pressure was 160 mm. systolic and 80 mm. diastolic. The peripheral 
vessels were, in fact, palpable, though it was difficult to measure how much they 
had changed since the first observation. The spleen was not felt. A specimen 
of urine excreted during the day contained 350 mg. of albumin per liter, while 
a sample of urine excreted during the night was albumin free. Neither speci- 
men contained sugar or casts. The concentration of nonprotein nitrogen in the 
blood was 34 mg. per hundred cubic centimeters. Unfortunately, no blood counts 
were made. 

In 1935, a year and a half later, he appeared for the third time. He had lost 
11 pounds (5 Kg.) in weight since his last visit for no reason that he knew. 
He was convinced that his systolic blood pressure now was in the neighborhood 
of 180 mm. most of the time. More particularly, however, he had begun grad- 
ually to experience persistent and disabling headaches, not of the migrainous type 
but more continuous, often waking him up at night and lasting for two or 
three days. Along with this he noticed that his memory was failing, that his 
face flushed easily and often looked so red as to make him feel self conscious 
and that he had reddish blue hands and feet, which were often painful, charac- 
teristic, in his opinion, of erythromelalgia. 

On physical examination his face was flushed and bluish red. The eyegrounds 
did not show any especially noticeable vascular, lesions, but the veins were over- 
full and distended. The heart was normal, although, as the patient had observed, 
the systolic blood pressure was 180 mm. The spleen was enlarged, so that its 
edge was easily felt. The urine contained 4.0 Gm. of albumin per liter and 
contained in the sediment many hyaline casts and a few leukocytes. The hemo- 
globin concentration was 145 per cent, and the red cell count was 8,800,000. The 
hematocrit reading showed that nearly 80 per cent of the volume of the blood 
was corpuscular. 

Comment . — In this fashion the polycythemia became apparent, so 
insidiously as to make its exact mode of onset uncertain and so gradu- 
ally as to make it impossible to sa}'^ in retrospect whether it commenced 
one, three or five years before it was recognized. Because arterio- 
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sclerotic changes in the peripheral vessels and hypertension also had 
advanced in the same insidious fashion during observation, one could 
not help but wonder whether whatever caused the vascular disease, on 
the one hand, had not caused the polycythemia, on the other, or 
whether the clinical blossoming of polycythemia was not, in fact, a 
local manifestation of a general vascular disorder. 

Even a single case in which polycythemia is seen to develop as it 
did in this one disposes whoever observes the phenomenon to place a 
good deal of weight on the studies of Reznikoff, Foot and Bethea.’ 
They claimed that if the bone marrow of a patient with polycythemia 
is studied by appropriate staining methods there often can be demon- 
strated in it such vascular changes as thickening of its capillary walls 
and subintimal or adventitial fibrosis of its arteries and arterioles, a 
state of affairs well able to produce chronic anoxemia of the bone 
marrow and resultant polycythemia. Some such lesion as this, it 
seemed, might well have developed in our case. 

In any event a definite diagnosis was established, and the question 
of treatment arose. The most appropriate management of polycythemia 
is somewhat confusing to select; any practitioner who turns to the 
observations of other investigators on this point, in hopes of finding 
something to guide him in a case which puzzles him, will discover that 
opinions nowadays differ and perhaps are recorded by personal friends, 
so that unbiased judgment may be difficult. Our fellow Bostonian, 
Dr. Joseph H. Pratt, and his associate Morawitz ^ deserve credit for 
suggesting in 1908 that phenylhydrazine might be a useful drug to 
administer when destruction of blood is desirable. No one who has 
visited the Maiyo Clinic can help but be impressed by the results 
obtained there with phenylhydrazine in the treatment of polycythemia, 
as reported by Giffin and his associates.^ On the other hand, there are 
other methods which have been used with equal success. For many 
years Haden,^ of the Crile Clinic, Cleveland, has upheld stoutly that 
intelligent venesection, with due attention to the total blood volume, 
is the therapeutic method of choice. Irradiation with roentgen rays 

1. Reznikoff, P.; Foot, N. C, and Bethea, J. M. : Etiologic and Patliologic 
Factors in Polycythemia Vera, Am. J. M. Sc. 189:753-759 (June) 1935. 

2. Jilorawitz, P., and Pratt, J.; Einige Beobachtungen bei experimentellen 
Anamien, ^liinchen. med. Wchnschr. 55:1817-1819 (Sept. 1) 1908. 

3. Brown, G. E., and Giffin, H. Z.: The Treatment of Polycythemia Vera 
(Erythremia) with Phenylhydrazine, Arch. Int. Med. 38:321-345 (Sept.) 1926, 
Giffin, H. Z., and Allen, E. V. : The Control and Complete Remission of Poly- 
cjlhemia Vera Following the Prolonged Administration of Phenylhydrazine 
Hydrochloride, Am. J. M. Sc. 185:1-12 (Jan.) 1933. 

4. Haden, R. L. : The Red Cell Mass in Polycythemia in Relation to Diag- 
nosis and Treatment, Am. J. IL Sc. 196:493-502 (Oct.) 1938. 
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or radioactive phosphorus, as demonstrated recently by Lawrence,*^ 
can be useful, or if one is more conservative, arsenic in the form of 
solution of potassium arsenite U. S. P. (Fowler’s solution), as employed 
by Forkner, Scott and Wu," may be of measurable service. Proper 
regulation of diet, it is almost generally agreed, must always be advised, 
as the value of a low iron diet has been repeatedly emphasized. Dame- 
shek and Henstell ^ have described the details of a practical diet for 
the treatment of polycythemia. 

On the whole, in reviewing the experience of other investigators 
in the treatment of polycythemia it was fairly evident that a diet low 
in iron combined in some fashion with solution of potassium arsenite, 
bleeding, administration of phenylhydrazine or irradiation were the 
four most popular methods of treatment then in vogue, each having 
respectable proponents and opponents. To our way of thinking at 
the time, phenylhydrazine had certain disadvantages, as emphasized 
by Giffin and Conner ® ; all were particularly noteworthy for our patient, 
since one of us (R. F.) had lately encountered an elderly patient with 
marked arteriosclerosis who was unduly sensitive to the drug and in 
whom nearly fatal hemolytic anemia, complicated by thrombosis of the 
splenic vein, developed after phenylhydrazine therapy. 

The bleeding technic, as outline by Haden, seemed simple and 
rational enough, but the patient himself voted against it. He was 
familiar with two pieces of work which had been talked of in Boston 
and which had impressed his mind: one by Forkner and his col- 
leagues, on the beneficial use of solution of potassium arsenite in the 
treatment of certain patients with polycythemia, and the other by 
Minot and Buckman,® who described 3 patients who had been poly- 
cythemic for several years and in whom a profound degree of anemia 
eventually developed. He said if there was any possibility of his hav- 
ing a disease which began with polycythemia and ended with anemia, 
his own blood might some day be useful to him and he would like to 
keep it for a while. He preferred at first to follow a therapeutic pro- 
gram which was as harmless as possible and yet at the same time was 
based on sound principles. To his way of thinking clinical trial for 

5. Lawrence, J. H. : Nuclear Physics and Therapy : Preliminary Report on 
a New Method for the Treatment of Leukemia and Polycythemia, Radiology 
35:51-60 (July) 1940. 

6. Forkner, C. E. ; Scott, T. F. M.. and Wu, S. C. : Treatment of Poly- 
cythemia Vera (Erythremia) with Solution of Potassium Arsenite, Arch. Int. 
Med. 51:616-629 (April) 1933. 

7. Dameshek, W., and Henstell, H. H. : Diagnosis of Polycythemia, Ann. 
Int. Med. 13:1360-1387 (Feb.) 1940. 

8. Giffin, H. Z., and Conner, H. M. : The Untoward Effects of Treatment 
by Phenylhj’-drazine Hydrochloride, J. A. M. A. 92:1505-1507 (May 4) 1929. 

9. klinot, G. R., and Buckman, T. E. : Erythremia (Polycythemia Rubra 
Vera), Am. J. ]\L Sc. 166:467-489 (May) 1923. 
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a reasonable length of time of a compound containing aisenic supple- 
mented by a low iron diet seemed most satisfactory. Accordingly, he 
began to diet and to take solution of potassium arsenite XJ. S. P. (Fow- 
ler’s solution). 

The effect of this part of his treatment is difficult to evaluate. It 
appeared to be partially effective but was by no means entirely suc- 
cessful. 

Apparently the solution of potassium arsenite brought about a 
slight fall in hemoglobin, red cell count and hematocrit reading. Per- 
haps the spleen grew a little smaller. There was no significant change 
in the level of body weight or blood pressure. The patient felt better, 
but on the other hand, he began having attacks of angina pectoris, 
which worried him, and he had an attack of herpes zoster, followed 



polycythaemia vera. 

later, after therapy with solution of potassium arsenite had been stopped 
and then reinstated, by a dark-looking skin and a certain amount of 
chronic indigestion. Having taken potassium arsenite for a 3'^ear, with 
only the improvements just mentioned, he rested for four months 
from all treatment other than diet and at the end of March 1937 
declared himself ready to tiy another therapeutic approach. 

In June 1936 there had been published in the New England Journal 
of Medicine a paper by Hunter,^® of the Massachusetts General Hos- 
pital, which attracted considerable attention locally. This dealt with 
“spray” radiation therapy and included reports of 2 cases in which 
Hunter had used this method in treating patients with polycj’themia 
and had followed them carefully for three years afterward. The results 
which were obtained seemed promising. The patient knew of this 

10. Hunter, F. T.. Spraj X-Ray Therapy” in Polycythemia Vera and in 
Erythroblastic Anemia, New England J. Afed. 214:1123-1127 (June 4) 1936. 
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paper; he admired Dr. George W. Holmes and the Massachusetts 
General Hospital, and he therefore decided on a course of roentgen 
therapy under the hands of that roentgenologist at that institution. 
He received seven treatments between April 3 and 12, 1937 in daily 
doses of 70 r and five treatments beginning May 4 and ending May 8 
in daily doses of 70 r. Thus, he received a total dose of 840 r. 
The ra3^s were sprayed on the anterior and the posterior surface of 
the body on alternating days over an area which included the entire 
trunk, the lower part of the neck and both femoral regions. Dr. 
Holmes informed us that the exposure time at each treatment was 
twenty minutes and that other factors in the procedure were as follows : 
The roentgen rays were produced by a current with 200 kilovolts. 
The rays were filtered through 0.5 mm. of copper and 4.0 mm. of 
aluminum. The target-skin distance was 175 cm. 



Fig. 2. — Effect of spray radiation on the blood of a patient with polycythaemia 
vera. 

The result of this treatment was gratifjdng. So far as one could 
measure clinically, the polycythemia disappeared. 

The blood count returned to normal in every way and remained 
normal or even subnormal for the rest of the patient’s life. His gen- 
eral condition improved remarkably. He gained 16 pounds (7.3 Kg.) 
in weight, carried on a heavy practice without complaint, felt normally 
well and claimed that his only physical limitation was due to what he 
termed “that damned angina.” 

Further Details of Case. — Clearly, in reexamining the patient from time to 
time, it was evident that his vascular disease progressed. Each time the blood 
pressure was estimated, the level was far too high. He came to have a great 
deal of angina, relieved in part by the steady use of theophylline with ethylene- 
diamine and glyceryl trinitrate. He had one major attack which was suggestive 
of coronary thrombosis. He quickly grew to look older, as do so many people 
with advancing vascular disease. He had one minor attack of transitory aphasia. 
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wliich made him regard his cerebral vessels with distrust. Yet on the other side 
of the picture, lie was able to do a man’s work each day ; tlie overfull veins of 
the eyegrounds disappeared ; the size of the spleen receded, so that it became 
impalpable ; liis headache and mental stuffiness disappeared, as did the pain in 
his arms and legs, and whatever signs of renal involvement there ever weie, 
vanished. The concentration of nonprotein nitrogen in the blood remained low, 
and the urine never showed more than the faintest trace of albumin, with normal 
sediment. 

Lead I Lead II Lead III 


Oct. 21 , 1927 



Oct. 24, 1930 



lune 23, 1937 



Oct. 31 , 1938 



Fig. 3.— The progress of vascular disease in a patient with polycythaemia vera, 
as shown by serial electrocardiographic tracings. There is a gradual and pro- 
gressive change in the form of the ventricular complex in all three leads. 

(This comment was provided by Dr, S. A. Levine, who made the tracings.) 


The patient died in his office suddenly in November 1941, four and a half 
years after his course of roentgen treatment was completed and just as he had 
finished a busy afternoon of seeing patients. 

Necropsy: IMacroscopic examination. The heart was slightly hypertrophied. 
There were two small areas of dense gray fibrous tissue apparently from old 
infarctions, one approximately 5 mm. in diameter near the apex of the left 
ventricle in the outer wall, the other about 1 cm. in diameter in the interven- 
tricular septum just beneath the mesial cusp of the aortic valve. No recent 
infarcts were seen. The appearance of the heart muscle was more normal than 
would have been expected from the condition of the coronarv^ vessels The 
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endocardium was normal except for atheromatous thickening, with some calcifica- 
tion of the mitral and the aortic valve base. 

Both coronary vessels showed an advanced degree of atheromatous degenera- 
tion, with many calcified plaques appearing in beadlike chains along the surface 
vessels. The right coronary artery, beginning 1 cm. distal to its orifice, was a 
solid fibrous cord, with only a threadlike lumen no more than 0.25 mm. in 
diameter. 

The aorta showed advanced arteriosclerosis throughout its entire course. This 
was most pronounced below the diaphragm, the abdominal aorta having several 
extensive atheromatous ulcers and plaques of calcification. There was no 
thrombosis. 



Fig. 4. — The right coronary artery (x 30). A section through its middle 
portion, showing complete occlusion by an old, organized thrombotic mass. There 
is partial calcification of the artery and no canalization of any consequence. 


The vessels of the lung showed only a minimal degree of atheromatous 
change, and the lung tissue itself had no chronic inflammatory process, so that 
nothing like Ayerza’s disease could account for the polycytliemia. The medias- 
tinum also was normal. 

The liver was congested but otherwise showed no abnormality on gross 
examination. 

The spleen was about twice normal size. The splenic artery was markedly 
sclerosed and contained many atheromatous plaques. In fact, the lumen of the 
vessel appeared to be only about half the normal diameter. The gross appearance 
of the spleen was that of congestion, although the capsule was flecked with 
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many minute siderotic nodules, such as frequently are seen in association with 
Banti’s syndrome. 

The kidneys were of about normal size and shape. The renal arteries pre- 
sented an advanced degree of atherosclerosis, in many areas so marked as almost 
completely to occlude the vessels. On the other hand, the normal relation between 
cortex and pyramids was well preserved. 

The cortex showed no gross abnormalities; the capsule stripped easil}^ leaving 
a uniformly granular surface, and the pelves and ureters were normal. The 
disparity between the amount of atherosclerosis in the renal arteries and the 
relatively normal appearance of the renal tissue was striking. 

The gastrointestinal tract and the pancreas were not noteworthy. 



Fig. 5. — Vertebral marrow (X 400). The arteriole shown in the center is 
practically occluded by fibrous thickening of the media. There is marked erythro- 
blastosis. ' 


The sternal, vertebral and femoral bone marrow appeared normal. The 
femoral marrow was bright lemon yellow, fatty and did not show any recog- 
nizable islands of secondary hyperplasia. . 

Microscopic examination. There were striking vascular changes in all the 
tissues examined, particular!}’- noteworthy in the vertebral and sternal bone marrow, 
the spleen, the kidney and the heart. 

Through various portions of the heart advanced myocardial fibrosis was 
.apparent. There were extensive areas in which muscle bundles had disappeared 
entirely and were replaced by a relative increase of the connective tissue about 
them. The majority of the blood vessels showed well defined fibrous thickening 
of the intima, and the right coronary artery and its branches were completely 
occluded by masses of dense, old, organized thrombotic material. 
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The kidneys also showed changes of vascular origin. There were areas in 
which the glomeruli were sclerosed, in which the tubules were atrophic or absent 
and in which the connective tissue was relatively increased and infiltrated with 
lymphocytes. The majority of the afferent arterioles were almost totally occluded 
by dense patches of hyalinization, in places having the appearance of necrotizing 
arteriolitis. 

The germinal centers of the spleen were well preserved and stood out sharply 
but on close examination were definitely hematopoietic. Through the stroma 
was a moderate degree of general fibrosis, but in addition there were scattered small 
areas of active hematopoiesis in which both erythrocytic and leukocytic elements 
were present 



The capsule was thickened, and in it were large numbers of hemosiderin-laden 
macrophages and of infiltrating lymphocytes and endothelial cells. Scattered 
throughout were many minute petechial hemorrhages. 

The splenic arterioles tended to be fibrosed, with hyaline thickening of the 
intima. This change, however, was no more marked than often occurs in elderly 
persons with arteriosclerosis. 

The bone marrow was especially interesting. The femoral marrow was not 
remarkable. Sections through the vertebral and the sternal marrow, however, 
revealed essentially the same picture. There was active erythropoiesis, not 
accompanied by a concomitant degree of new white cell formation. A moderate 
number of fat cells were present, and relatively large numbers of megakaryocytes 
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were visible. The arterioles and the capillaries presented well defined and unmis- 
takable fibrous thickening. 

The lungs were not remarkable except that many of the peribronchial arterioles 
showed fibrous thickening of the intima, often involving the inner portion of the 
media. The liver did not present any striking histologic abnormalities. The 
vessels of the adrenal glands were also involved in the general picture of vascular 
disease which was present; several of the smaller arterioles were occluded by 
atheromatous plaques with fibrosis and hyalinization of the intima and the media. 
Naturally, sections from the aorta showed extensive subintimal patches of atherom- 
atous degeneration infiltrated with many fat-laden macrophages, lymphocytes 
and neutrophils. 



Fig. 7. — Femoral marrow (X ISO). Section through the middle portion of the 
femur. There is no evidence of erythropoiesis, as appeared in the sternal and the 
vertebral marrow. The wall of the arteriole shown in the center is thickened 
because of fibrosis. 

COMMENT 

One phase of polycythaemia vera has received but little study; 
this concerns iron. Obviously, the vast number of red cells and the 
high concentration of hemoglobin utilize a great deal of this element. 
It has been assumed that this is obtained from deposits in the body. 
When our patient was polycythemic, a good share of his stored iron 
must have been in circulation, hence we were curious to ascertain 
what effect, if any, this had on the final iron content of his tissues. 
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Comparatively little has been acquired during the past thirty years 
in the wa)!- of authentic record of the iron content of human tissues. 
Magnus-Levy in 1910 analyzed one body from this viewpoint; van 
Itallie in 1926, as reported by Donath/^ and Donath himself in that 
3fear made more extensive analyses ; in 1930 Horsters became inter- 
ested in the iron content of the organs in different forms of jaundice, 
reporting at the same time a few control figures from patients without 
jaundice, and in 1935 Sheldon,^^ in his excellent monograph on hemo- 
chromatosis, gave figures for the iron content of tissues of patients 
dying of this disease, appending to his tables a contrasting series of 
“normal control figures.” These are all the available data that we 
could find. 

There is general agreement that kidney, liver, spleen and striated 
muscle are the most important stoi'ehouses in which hoarding or 
depletion of iron becomes evident. The following tabulation is of some 
interest : 


Kidney Liver 
Iron in Mg. per Cent of Dried Tissue 


Spleen 


Striated 

Muscle 


Magnus-Levy, 1910, normal subjects 

83 

335 

386 

125 

Horsters, 1930, “control cases” 

97 

345 

404 

• • • 

Sheldon, 1935, “normal control figures” 

39 50 to 100 

140 

25 

Our patient 

^ Iron in Mg. per Cent of 

Donath, 1926, Chinese and native Dutch East 

49 

Undried 

153 

Tissue 

136 

41 

Indians 

11 

21 

48 

• • • 

van Itallie, 1926, European subjects 

6 

18 

51 

. • • 

Our patient 

8 

42 

30 

• • • 


There is a wide discrepancy in these figures. Outs are consider- 
ably lower than the ones reported by Magnus-Levy or Horsters but 
agree fairly well with those of Sheldon, Donath and van Itallie except 
as they concern liver. Our figures are directly comparable with 
Sheldon’s, for like him we employed the technic of ashing and the 
method of Kennedy for analysis for iron. 


11. Magnus-Levy, A.: Ueber den Gehalt normaler menschlicher Organe an 
Chlor, Calcium, Magnesium und Eisen sowie an Wasser, Eiweiss und Fett, 
Biochem. Ztschr. 24:362-380, 1910. 

12. Donath, W. F. : Chemical Iron Analysis in Organs, Mededeel. v. d. dienst 
d. Volksgezondh. in Nederl.-Indie 3:184-239, 1926. 

13. Horsters, H. : Ueber den Eisengehalt der Organe beim Ikterus, Arch. f. 
exper. Path. u. Pharmakol. 152:198-209, 1930. 

14. Sheldon, J. H. : Haemochromatosis, London, Oxford University Press, 
1935, pp. 205-219. 

15. Kennedy, R. P. : The Quantitative Determination of Iron in Tissues, J. 
Biol. Chem. 74:385-391 (Aug.) 1927. 
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Sheldon said of liver : 

The normal standard is somewhat variable, but the average normal dry per- 
centage is usually between 0.05 per cent, and 0.1 per cent., which implies an 
increase in haemochromatosis of some 40 times the normal. 

One may conclude, therefore, that the liver iron of our patient may 
have been higher than normal, perhaps from chronic passive congestion, 
but it was by no means strikingly so. Otherwise, there was nothing in 
our data to suggest that excess storage of iron in any ordinary area 
or unusual withdrawal of iron from it played any part in the clinical 
picture which we obsen^ed. 

This case raises three interesting questions : Why did the patient 
l)ecome polycythemic? What was the exact effect of the irradiation? 
Why did he have so long a remission? 

As has been mentioned, the thought that vascular disease was the 
underlying lesion in this instance has considerable appeal. It is easy 
to imagine that vascular disease, when so general as it was here and 
involving as it did small vessels of the bone marrow, might cause 
thereby a chronic anoxemia of the red cell-forming apparatus. A few 
years ago Monge pointed out the great similarity between the eryth- 
remic type of high altitude disease and polycythaemia vera, the chief 
difference being that erythremia due to high altitude subsides promptly 
when the patient lives at sea level. As a theory to explain the course 
of our patient’s illness one might postulate a vascular lesion with 
involvement of the bone marrow circulation which made the blood 
behave as though the patient, to all intents and purposes, were living 
at a high altitude. As the blood count fell to normal, the blood lost 
its excessive viscosity; the circulation in the marrow improved; per- 
haps a new and effective capillary circulation was able to develop to 
a certain extent; the patient came back to earth, so to speak, and the 
polyc3Themia disappeared. 

The effect of irradiation on the blood picture is also difficult to 
account for. The data reported by Lawrence. in his studies on the 
use of radioactive phosphorus in the treatment of polycythemia sug- 
gest that irradiation has a strikingly different effect on the red cells 
than does either phenylhydrazine or bleeding. There is abundant evi- 
dence in the studies of investigators at the Mayo Clinic that phenyl- 
hydrazine is a powerful hemolytic agent. Red cells are destroyed by 

16. Monge, C. ; High Altitude Disease, Arch. Int. Med. 59:32-40 (Jan.) 1937. 

17. Giffin, H. Z., and Allen, E. V.: Experiments with Phenylhydrazine: I. 
Studies on Blood, Ann. Int. Med. 1:655-676 (March) 1928. Allen, E. V.. and 
Giffin, H. Z. : Experiments with Phenylhydrazine : II. Studies on Renal and 
Hepatic Function and Erythropoiesis, ibid. 1:677-682 (Alarch) 1928. Allen, E. V., 
and Barker, N. W. : Experiments with Phenylhydrazine : III, Pathological 
-Anatomy, ibid. 1:683-693 (March) 1928. 
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it; the nonprotein nitrogenous elements of the blood are increased 
temporarily after its administration ; jaundice may develop, and, finally, 
the destroyed corpuscles are excreted, as can be shown by experiments 
on nitrogen excretion. Iron metabolism is so peculiarly economical, 
however, that iron is not lost from the body by such destruction of 
red cells. It may go into storage to be used over again or may be 
deposited in the liver, spleen or kidney. By bleeding the iron stores 
are actually depleted. Reimann and Breuer’^® have discussed this 
phase of the treatment of polycythemia most satisfactorily. Lawrence’s 
report suggests that irradiation gets rid of red cells in some fashion 
without producing evidence either of blood destruction or of blood 
loss. How this occurs is not clear. 

In our case, certainly, there was no apparent loss of blood follow- 
ing roentgen treatment. All that seemed to happen was a gratifying 
fall in hemoglobin concentration and blood count, with notable improve- 
ment in tbe patient’s general sense of well-being. It is obvious, how- 
ever, that our data are not sufficiently complete to exclude a slow 
hemolysis. That this probably occurred is suggested by the fact that 
eleven days after the treatment was completed, the serum iron concen- 
tration was 3.6 mg. per hundred cubic centimeters. 

The true significance of our pathologic data is difficult to inter- 
pret with perfect assurance. In the literature are reported many cases 
of polycythaemia vera in which by one means or another the picture of 
the disease has been erased for varying lengths of time. The usual 
story is that the picture redevelops eventually. One always can claim, 
therefore, that our patient died of heart failure before a remission of 
polycythemia ended, which was either induced or spontaneous. In 
favor of this is the fact that histologic examination of the vertebral 
and the sternal marrow and of the spleen showed a degree of hemato- 
poietic activity not ordinarily encountered in persons with chronic 
heart failure. On the other hand, the essential lesion, both clinical and 
pathologic, was that of generalized vascular disease. 

Is it possible that originally polycythemia developed in our patient 
from abnormalities in the circulation of the bone marrow and that 
irradiation reduced the blood count, hemoglobin concentration and 
blood viscosity to normal, thereby making way for a better flow of 
blood, and is it possible that a permanently improved bone marrow 
circulation thus was stimulated, finally making our case one of healed 
or inactive polycythaemia vera? We incline to interpret our data in 
this manner and hope that this case offers promise that in certain 
instances polycythaemia vera may become so inactive that to all intents 

18. Reimann, F., and Breuer, A.: Die Aderlassbehandlung der Erythramie, 
Ztschr. f. klin. Med. 128:238-259, 1935. 
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and purposes the patient recovers. Other patients with known poty- 
cythemia in a state o£ clinical remission must be studied by the pathol- 
ogist in order to throw more light on what the exact lesion in different 
types of polycythaemia vera may be and what the true condition really is. 
On May 7, 1892, Vaquex presented a paper before the Parisian 
Society of Biologists entitled, '‘Sw mie jorme speciale de cyanose 
s'accompagnant dliyperglobuUe excessive et persistante” Its purpose 
was to call attention -to the fact that there might be encountered in the 
clinic a peculiar group of patients without evidence of heart disease 
who appeared thoroughly cyanosed, who complained of a variety of 

SUR UNE FQUMI-; SPECIALE 

DE CYANOSE s'aCCOMPAGNAXT D’nYPERGLOBULIE EXCESSIVE ET PCIISISTANTE, 

par M H. Vaoue'/. 

Les recherches poursuivies dans ces dernieres annoes sur les modifica- 
lions du sang et dans les maladies onl porte presque exclusivcmcnt sur 
les alterations globulaires, les changcments d’aspect des elements figu- 
res, la constitution du serum, etc. ; on a note les dilTercntes conditions 
capables de provoquer la diminution du nombre des globules rouges ou 
I’augmentation de celui des globules blancs, mais e’est a peine si Ton a 
signals la possibilit6 de I’byperglobulie. 

II y a cependant des cas oti le nombre des globules rouges peut 6tre- 
considerablement augmente et, du fait de cette augmentation, il resulle 
un ensemble dc sympl6mes qu’il est interessant d’etudier. 

Au point de vue physiologique, les auteurs ont deja note que le nombre- 
des globules rouges pouvait se trouver sensiblement accru a la suite des- 
repas (1), ct par le sejour dans les hautes altitudes. M. Viault(2) a mon- 
tre que dans ces conditions le nombre des globules rouges pouvait, deja 
au bout de quelques jours, et suivant les personnes, atteindre 7,300,000 a. 
7,900,000. 

Fig. 8. — The commencement of present knowledge of polycythaemia vera. 

ill defined symptoms and who presented characteristically an enlarged 
spleen and a red cell count and hemoglobin concentration much higher 
than normal. The cause of this syndrome was undetermined. Major 
has regarded this paper as aflording a classic description of a rare dis- 
ease, and it does, indeed, describe clearly for the first time what has 
come to be known as polycy-thaemia x’-era. 

19. Vaquez, H. ; Sur une forme speciale de cyanose s’accompagnant d’hyper- 
globulie excessive et persistante, Compt. rend. Soc. de biol. 4:384-388 (May 7) 
1892. 

20. Major, R. H. : Classic Descriptions of Disease, Springfield, III., Charles 
C. Thomas, Publisher, 1932, pp. 455-465. 
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It seems curious, as one looks backward, to realize how little 
attention was paid to this publication. Osier was the first American 
writer to acknowledge it and then not until 1903. In this year he 
published a paper, “Chronic Cyanosis with Polycythaemia and Enlarged 
Spleen: A New Clinical Entity,” and thereby aroused an interest in 
that group of patients first noted by Vaquez which has persisted ever 
since. 

The literature on polyc 3 'thaemia vera has grown to large propor- 
tions. It is a peculiar literature, for it reflects new currents of medical 
progress as they have developed, Avithout, however, adding much to a 
clear understanding of what polycythaemia vera really is. Fifty years 
ago Vaquez expressed the hope that one day some one might be able 
fully to account for that form of polyc 3 dhemia which he described and 
the cause of which he was at a loss to explain. Modern clinicians, with 
the many advantages which the 3 '^ have at hand, still are challenged 
to give a final answer to this question. 

319 Longwood Avenue. 

80 East Concord Street. 

750 Harrison Avenue. 

21. Osier, W. : Chronic Cj'anosis with Pob'cythsmia and Enlarged Spleen: A 
New Clinical Entity, Am. J. M. Sc. 126:187-201 (Aug.) 1903. 
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Despite Smith’s ^ demonstration that under proper conditions the 
plasma clearance of diodrast closely approximates renal plasma flow, 
the detection of renal ischemia in human beings is evidently not a 
simple matter. Its existence in patients with hypertensive disorders 
has been claimed by some authors - and denied by others.® This report 
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Blood Flow in Women with Hypertension and Renal Impairment, ibid. 19:475, 1940. 

(c) Chesley, L. C.: The Question of Glomerular Damage Following Toxemia of 

Pregnancy, Am. J. Obst. & Gynec. 42:229, 1941. (d) \Vel.‘:h, C. A.; Willen, L, 

and Taylor, H. C., Jr.: Renal Blood Flow, Filtration Rate and Tubular Excretory 
Alass in Patients with Specific Toxemia of Pregnancy, J. Clin. Investigation 20: 
438, 1941. 
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on a small series o£ subjects with normal and with diseased kidneys 
attempts to reconcile these divergent statements. 

Since no ratios for diodrast extraction based on human material 
have been published, the validity of the clearance method of measuring 
renal blood flow clinically is not cbnclusivel)’- established. Indirect evi- 
dence, however, suggests that the agreement between actual blood flow 
and estimated blood flow is even closer in human beings than in dogs.^ 
There being no reason to doubt that the plasma clearance of inulin is 
an accurate measure of the rate of glomerular filtration,® the ratio of 
plasma inulin clearance to plasma diodrast clearance can represent 
the fraction of plasma water which traverses Bowman’s membrane. 
Hence, such other factors as membrane permeability and plasma oncotic 
pressure remaining constant, this ratio can vary directly with intra- 
glomerular hydrostatic pressure and ma}^ be used to detect changes in 
the relative calibers of the afferent and the efferent glomerular 
arterioles.® 

There is no doubt, for example, that the clearances of inulin’ and 
diodrast are capable of depicting the circulatory changes induced in the 
kidney by various pharmacologic agents. Smith’s ® pioneer studies in 
this field dramatically demonstrated the profound effects of various 
drugs on renal hemodynamics, and this method has been used by 
other investigators.'^ The conclusion seems logical that an agent which 
depresses diodrast clearance without appreciably affecting the simul- 
taneous inulin clearance is selectively constricting the efferent glo- 
merular arteriole, because preglomerular constriction can only diminish 
filtration pressure and, consequently, the inulin clearance. "Under such 
circumstances the ratio between inulin clearance and diodrast clearance 
is clearly entitled to be referred to as the “filtration fraction.” 

In morbid states, however, in which the integrity of tubule function 
may properly be questioned, the problem is less simple. It is apparent, 
for example, that any factor which impairs the capacity of the renal 

4. White, H. L. ; Findley, T., and Edwards, J. C: Interpretation of Diodrast 
Clearances in Man, Proc. Soc. Exper. Biol. & Med. 43:11, 1940. 

5. Smith, W. W. ; Finkelstein, N., and Smith, H. W. : Renal Excretion of the 
Hexitols (Sorbitol, Mannitol and Dulcitol) and Their Derivatives (Sorbitan, Iso- 
Mannide and Sorbide) and Endogenous Creatine-Like Chromogen in Dog and Man, 
J. Biol. Chem. 135:231, 1940. 

6. Chasis, H. ; Ranges, H. A. ; Goldring, W., and Smith, H. W. : The Control 
of Renal Blood Flow and Glomerular Filtration in Normal Man, J. Clin. Investiga- 
tion 17:683, 1938. 

7. (a) Corcoran, A. C. ; Kohlstaedt, K. G., and Page, I. H. : Changes of 
Arterial Blood Pressure and Renal Hemod 3 'namics by Injection of Angiotonin in 
Human Beings, Proc. Soc. Exper. Biol. & Med. 46:244, 1941. (&) Black, D. A. K. ; 
Powell, J. F., and Smith, A. F. : Inulin and Perabrodil Clearance After Alimentary 
Hemorrhage in Man, J. Phj'siol. 99:344, 1941. 
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tubules to secrete diodrast will also elevate the ratio of inulin clearance 
to diodrast clearance, even though the glomerular circulation remains 
unaltered. By itself, therefore, the ratio is incapable of describing the 
circulation pattern in diseased kidneys, several recent reports to the 
contrary.® We believe that in terms of renal blood flow the ratio is 
meaningless unless supported by a quantitative assay of the secretory 
power of the tubules and agree with Smith and associates ® that both 
aspects of renal function (diodrast clearance and tubular excretion of 
diodrast) miist be measured before one is entitled to say that the blood 
flow per unit of tubular tissue is or is not abnormal. 

A confirmation of Smith’s experience with epinephrine illustrates 
the importance of this concept (table). By using the technic described 

Effect of Epinephrine on Renal Function in a Normal Subject 
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in the next section, consecutive fifteen minute clearance periods were 
obtained, the first three serving as controls. Under the established 
conditions epinephrine evidently reduced renal plasma flow by about 
50 per cent but had no effect on the ability of the tubules to secrete 
iodine. In fact, the tubular secretion of diodrast actually increased, a 
phenomenon also noted by Smith and interpreted by him as a possible 
indication that new blood channels in peritubular tissue had been 
forced open. Now if epinephrine had reduced the tubular secretion of 
diodrast, it would clearly have been impossible to attribute the increased 
ratio between inulin clearance and diodrast clearance to ischemia alone, 
since diminished extractions of diodrast must also be accounted for. 

8. Black, Powell and Footnote 2 c, f and g. Footnote 3 a, b and c. 

9. Goldring, W. ; Chasis, H. ; Ranges, H. A., and Smith, H. W. : Relations of 
Effective Renal Blood Flow and Glomerular Filtration Rate to Tubular Excretorv 
I\Iass in Normal ktan, J. Clin. Investigation 19:739, 1940. 
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As an expression of the rate of plasma flow per unit of tubular excretory 
mass it is convenient to adopt Smith’s formula, the ratio between 
plasma diodrast clearance and tubular excretory mass.^“ If this is 
applied to data recorded before the administration of epinephrine, a 
is obtained ; at the height of the pressor response to 
epinephrine the figure drops to 3 ^= 6 . Had the low diodrast clearance 
in period 7, for example, been due to diminished extraction rather than 
to ischemia the ratio would have remained unchanged. Our observa- 
tions are inadequate to permit a statistical evaluation of normal limits, 
but they do show that hypertension frequently exists without demon- 
strable renal ischemia. 

We are reporting results obtained on a relatively small series of 
subjects with essential hypertension and with other varieties of renal 
disease. We have subdivided these subjects into three clinical groups: 
(a) those with presumably uncomplicated essential hypertension; (&) 
those in whom hypertension is associated with presumptive clinical 
evidence of tubular darnage (arteriosclerosis, retinitis, known duration 
of disease, diminished urea clearance, glomerulonephritis, nephrotic syn- 
drome, congestive heart failure, abnormal urinary sediment, etc.), and 
(c) those with renal disease but normal blood pressure. We feel that 
this admittedly arbitrary arrangement has facilitated interpretation of 
the data. 

METHODS 

On the morning of the test, food, medication and tobacco were withheld from 
all subjects. Adequate hydration and diuresis were assured by the oral adminis- 
tration of at least 1 liter of water about an hour before the first collection of 
urine and by the subsequent ingestion of 200 cc. every half hour. In every case 
the body temperature was within 1 degree of 37 C. (98.6 F.). Urine was col- 
lected through an indwelling catheter and the bladder washed three to five times 
with 20 cc. portions of physiologic solution of sodium chloride. In order to 
diminish emotional factors the urethra was always anesthetized, and in many cases 
venipuncture was also done with the area under local anesthesia. Blood pressure 
was recorded at frequent intervals. 

Before each infusion a sample of blood was obtained, part of which served as 
an inulin blank: to the plasma of another portion a known amount of diodrast 
was added, and the percentage of iodine recoverable in trichloroacetic acid filtrate 
was determined. All samples of blood were treated with heparin, and the plasma 
was separated as soon as possible. Determinations of diodrast iodine were done 
either by the original or by the modified method of White and Rolf. Inulin 

10. Smith, H. W. ; Chasis, H. ; Goldring, W., and Ranges, H. A. : Glomerular 
Dynamics in the Normal Human Kidney, J. Clin. Investigation 19:751, 1940. 

1 1. White, H. L., and Rolf, D. : A Rapid Micro-Method for Determining 
Diodrast and Inorganic Iodide Iodine in Blood and Urine, Proc. Soc. Exper. Biol. 
& Med. 43:1, 1940. 

12. White, H. L., and Rolf, D. : Modified Method for Determination of Cer- 
tain Organic Iodine Compounds, Inorganic Iodide in Plasma and Urine, Proc. 
Soc. Exper. Biol. & Med. 45:433, 1940. 
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was determined by a slight modification of the method of Corcoran and Page 

Phcnolsulfonphthalein also was estimated by the method of Corcoran and Page.^^ 

Urea clearance was determined by the hypobromite method without permutit (a 
hydrated sodium aluminum silicate) . 1 = 

The actual procedure was essentially that devised by Smith and associates.® 
Infusions Avere delivered from a gravity bottle to which was attached a small 
calibrated side arm tube; this permitted a quick and accurate check on the rate 
of flow, changes in which were governed by a tunnel clamp on the outlet tubing. 
For determination of renal blood flow the following plasma concentrations were 
desired per hundred cubic centimeters : diodrast iodine, 1 to 5 mg. ; inulin, 8 to 

15 mg. and phenolsulfonphthalein, 0.5 to 1.0 mg. In the average adult these were 

usually achieved by (a) a priming solution made by adding 1.5 cc. of diodrast 
and 0.5 cc. of 10 per cent phenolsulfonphthalein to the contents of a 50 cc. ampule 
of 10 per cent inulin, the intravenous injection of which occupied five minutes, or 
(b) a sustaining solution consisting of 1 per cent diodrast, 0.5 per cent inulin and 
0.8 per cent phenolsulfonphthalein in physiologic solution of sodium chloride delivered 
at the rate of 4 cc. per minute. In case of manifest renal insufficiency the infusion 
rate was reduced to 1 or 2 cc. per minute. To insure equilibration the infusion 
was continued for Uventy minutes before the first collection of urine was begun. 
At that time the first sample of blood was drawn, the urine in the bladder was dis- 
carded and consecutive ten to twenty minute clearance periods were obtained in 
the usual way. Midperiod plasma concentrations of diodrast iodine, phenolsulfon- 
phthalein and inulin Avere found by interpolation from at least three actual analyses, 
all done in duplicate. The flow of urine Avas such that all urea clearances Avere 
maximum. 

The conditions for determining the tubular secretion of diodrast Avere established 
by injection through a syringe of 0.3 cc. of diodrast per kilogram of body Aveight, 
the injection requiring from three to five minutes. The second sustaining fluid 
consisted of 10 per cent diodrast and 0.5 per cent inulin in physiologic solution 
of sodium chloride, the rate of flow being continued as before. This usually 
resulted in a concentration of 25 to 30 mg. of diodrast iodine per hundred cubic 
centimeters of plasma, a level Avell above that at Avhich tubular saturation occurs. 

Hematocrit readings Avere obtained on every sample of blood to permit calculation 
of renal Avhole blood floAv by the ratio of plasma diodrast clearance to the plasma 
A olume in percentage. ^Ve are aAvare that Smith and Smith reported that plasma 
protein binds a small amount of diodrast and thus renders it unavailable for glomer- 

13. Findley, T., and White, H. L. : Measurement of Diodrast and Inulin 
Clearances in Man After Subcutaneous Administration, Proc. Soc. Exper Biol 
& Med. 45:623, 1940. 

14. Corcoran, A. C., and Page, I. H.: The Effects of Renin, Pitressin and 
Pitressin and Atropine on Renal Blood Flow and Clearance, Am. T Phvsiol 
126:354, 1939. 

15. Van Slyke, D. D.; Page, I. H.; Hiller, A., and Kirk, E.: Comparison 
of Urea Clearances Calculated from the Excretion of Urea, of Pius Ammonia, and 
of Nitrogen Determinable by Hypobromite, J. Clin. Investigation 14:901, 1935 

16. The diodrast Avas supplied by the Winthrop Chemical Co., Inc., New York 

17. The inulin Avas supplied by Standard Products Co., WoodAvorfh, Mb's. 

18. Smith, Goldring and Chasis.i White, Findley and Edwards.^ 

19. Smith, W. W., and Smith, H. W.; Protein Binding of Phenol Red, Diodrast 
and Other Substances in Plasma, J, Biol. Chem. 124:107, 1938. 
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ular filtration, whereas Elsom, Bott and Shiels 20 considered that all plasma diodrast 
was free ; in calculating the glomerular excretion of diodrast we have used the Smith 
nomogram, 19 but we realize that even at the high plasma concentrations necessary 
for determination of the tubular excretory mass the difference is almost negligible. 
When the concentration of albumin in the plasma was found by actual analysis to 
be less than 4 Gm. per hundred cubic centimeters, calculations were based on 
the observed value; otherwise a uniform value of 4 Gm. was arbitrarily used. 

RESULTS ON NORMAL SUBJECTS 

We have examined 17 men, all healthy medical students or labora- 
tory assistants less than 40 years of age, with maximal urea clearances 
greater than 50 cc. per minute per 1.73 square meters. Data were 
obtained on every subject for at least three consecutive periods. All 
values are referred to a surface area of 1.73 square meters. 

Plasma Diodrast Clearance . — ^The average diodrast clearance for one 
hundred periods in 17 subjects is 544 cc. per minute, with extremes of 
402 and 785 cc. This is a little higher than a previous estimate by 
some of us * of 497 cc. per minute in 11 subjects. It agrees well with 
Chesley’s latest report of 567 cc. in normal women and with the 
value 537 cc. obtained by Black, Powell and > Smith presumably on 
mixed subjects. It is still appreciably lower for some reason than the 
latest estimate by Smith and associates ® of 688 cc. in normal men. 

Whole Blood Flow . — From the same material our average value 
for whole blood flow is 1,010 cc. per minute, with extremes of 821 and 
1,380 cc., as compared with Smith’s value of 1,189 cc. per minute. 

Plasma Iniilin Clearance , — For ninety-nine periods in 12 subjects 
the average value for inulin clearance is 117 cc. per minute, with 
extremes of 71 and 173 cc. 

0 

Ratio oj Plasma Inulin Clearance to Plasma Diodrast Clearance . — 
As determined through forty-one periods in 11 subjects the average 
value for this ratio is 0.205, with extremes of 0.138 and 0.261. 

Tubidar Secretion of Diodrast . — ^For forty-seven periods in 9 sub- 
jects the average rate of tubular secretion of diodrast iodine is 40.1 mg. 
per minute, with extremes of 35 and 47.9 mg. This is also appreciably 
lower than the value of 53.3 mg. per minute recently reported by 
Smith and associates.® In every instance diodrast was presented to 
the tubules at a rate (renal plasma flow X plasma diodrast [milligrams 
per cubic centimeter] — glomerular excretion of diodrast [milligrams 
per minute] ) at least 30 per cent in excess of the rate of secretion of 
iodine by the tubules. 

20. Elsom, K. A. ; Bott, P. A., and Shiels, E. H. : On the Excretion of Skiodan, 
Diodrast and Hippuran by the Dog, Am. J. Physiol. 115:548, 1936. 
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Ratio oj Plasma Diodrast Clearance to Tnhidar Secretion of^ Dio- 
drast. — With a numerator obtained on 17 subjects and a denominator 
obtained on 9 subjects the average is 13.56, as compared with Smiths 
reported value of 13.6. 

Ratio of Plasma Imdin Clearance to Tubular Secretion oj Diodrast. 
—On the basis of gross averages from the aforementioned data the 
figure is 2.91 (Smith, 2.57). 

Plasma Phenolsulfonphthalein Clearance. — Our experience with this 
substance is too limited to justify much comment, since we have used 
it on only 14 subjects, 12 of whom were abnormal. Its use was 
abandoned because it seemed to us to offer little additional informa- 
tion. We have not corrected our diodrast clearances for possible 
depression due to interference of phenolsulfonphthalein because in every 
instance the concentration of this substance in the plasma was less than 
1 mg. per hundred cubic centimeters. 

In 2 normal men the average plasma clearance of phenolsulfon- 
phthalein in thirteen periods was 295 cc, per minute, with extremes of 
265 and 354 cc. This is again lower than the mean value of 394 cc. 
obtained by Smith and associates on a much larger series.^ The average 
value for the ratio of plasma phenolsulfonphthalein clearance to plasma 
diodrast clearance is 0.626. 

Tubular Secretion of Phenolsulfonphthalein. — We have determined 
this on only 1 normal subject for obvious reasons. Tubular saturation 
occurred at a plasma concentration of about 15 mg. per hundred cubic 
centimeters, and the maximal rate of tubular secretion during four 
periods averaged 19.4 mg. per minute. Smith and associates reported 
a rate of 35.8 mg. per minute in 1 case. 

Since the ratio between plasma phenolsulfonphthalein clearance and 
plasma diodrast clearance in our small series of hypertensive subjects 
appeared to offer little information of value, no further reference to 
phenolsulfonphthalein will be made. 

RESULTS ON ABNORMAL SUBJECTS 

Our data on 28 patients with miscellaneous renal lesions are pre- 
sented in chart 1. In order to facilitate comparison we use essentially 
the same graphic method employed by Smith,^'' wherein points are 
arranged semilogarithmically along arbitrarily placed slanting lines. It 
should be particularly noticed that the values for tubular secretion of 
diodrast are so arranged tliat they fall exactly on the line; the points 
hich represent simultaneous diodrast and inulin clearances and ratios 
of inulin clearance to diodrast clearance are easily found by projecting a 
vertical line through the point for tubular secretion of diodrast. 
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The open circles represent 12 subjects with presumably uncompli- 
cated essential hypertension ; i. e., they are all less than 50 years of age, 
they have normal urea clearances and urinar}^ sediments and parenchy- 
mal damage is minimal so far as one is able to predict from the appear- 
ance of the eyegrounds, the absence of cardiac involvement, etc. These 
are the subjects in whom it is reasonable to suppose that any depression 
in diodrast clearance is apt to represent diminished blood flow rather 
than tubular damage. 

The solid circles represent 12 subjects in whom hypertension is 
accompanied by evidence of organic renal disease. Three had chronic 
glomerulonephritis; 4 had cai'diac involvement with mild congestive 

PLASMA CLEARANCE 



Chart 1. — Relation of tubular secretion of diodrast (TM-Diodrast) to diodrast 
clearance, inulin clearance and the ratio (^) of these two clearances to each other 
(see text). The horizontal lines indicate our normal averages; the open circles, 
subjects with uncomplicated hypertension; the solid circles, patients with advanced 
hypertension, and the triangles, patients with renal disease and normal blood 
pressure. If all values were displaced proportionally to tubular secretion of diodrast, 
the}" would fall on their respective slanting lines. 


heart failure ; 3 were more than 60 years of age and had marked arterio- 
sclerosis with subnormal urea clearances, and 2 had uremia and the 
retinal picture of malignant hypertension. 

The triangles account for 4 patients with renal disease but normal 
blood pressure. One had marked peripheral arteriosclerosis and slight 
proteinuria ; 1 had syphilitic nephrosis, from which he recovered ; another 
had chronic glomerulonephritis of many 3 "ears’ duration and a biliary 
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fistula, and tlie fourth had severe congestive heart failure with albumi- 
nuria, azotemia and jaundice, from which he also recovered. 

Because of insufficient data we are unable to define statistical!}' the 
limits of normal, but it is apparent that at least / of the 12 subjects 
with uncomplicated hypertension have values for tubular secretion of 
diodrast so close to our normal average that we are forced to assume 
that tubular function, as measured by the capacity for diodrast secre- 
tion, is intact. We must emphasize the fact that all of these patients 
were under continuous observation in the hospital and had sustained 
blood pressure readings in excess of 150 systolic and 100 diastolic. 

None of these 12 subjects shows an elevated ratio of inulin clearance 
to diodrast clearance. Half of the plasma diodrast clearances fall some- 
what below the predicted level but not in disproportion to the fall in 
corresponding inulin clearance. This is in contrast to the results 
obtained on 12 subjects with advanced hypertension, about half of 
whom exhibited ratios higher than our normal average. It is in this 
group that interpretation of data becomes difficult. A few deductions 
seem justifiable. Proportionate reductions in the clearance of diodrast 
and inulin and in tubular secretion of diodrast do not produce changes 
in either the ratio of inulin clearance to diodrast clearance or the ratio 
of diodrast clearance to tubular secretion of diodrast and indicate simply 
the presence of small kidneys ; in this category we place the remaining 
5 subjects with uncomplicated hypertension. Spasm of the efferent 
glomerular arterioles would, as in the experiments with epinephrine, 
so reduce diodrast clearance as to increase the ratio of inulin clearance 
to diodrast clearance and diminish the ratio of diodrast clearance to 
tubular secretion of diodrast; 5 subjects with advanced hypertension 
appear to fall in this class, but there is no assurance that impaired renal 
extraction is not a factor. Indeed, there is every reason to suppose that 
the kidneys of patients with the stated clinical characteristics would 
be unable to handle diodrast loads normally. We see no way to separate 
these two factors clearly, but the high ratios of inulin clearance to dio- 
drast clearance and normal values for the ratio of diodrast clearance to 
tubular secretion of diodrast in the 3 other subjects in this group seem 
best explained by assuming that impaired tubular extraction is more 
important than arteriolar spasm as a cause of diminished excretion of 
diodrast. 

Among the 4 normotensive patients there are 2 with normal and 
2 with subnormal ratios of inulin clearance to diodrast clearance. Of 
the 2 subjects with normal values the one in whom the tubular secre- 
tion of diodrast iodine is 6 mg. per minute had severe congestive heart 
failure and the other (tubular secretion of diodrast iodine, 42 mg. per 
minute) was well except for senile arteriosclerosis and slight proteinuria : 
in neither patient is there reason to postulate selective damage to either 



944 


ARCHIVES OF INTERNAL MEDICINE 


glomeruli or tubules. Of the 2 subjects with low ratios between inulin 
clearance and diodrast clearance, 1 had nephrosis and intense proteinuria 
and the other had chronic glomerulonephritis; in both altered mem- 
brane permeability may have retarded the rate of filtration. 

In chart 2 the ratios between inulin clearance and diodrast clearance 
are plotted against the ratios of diodrast clearance to tubular secretion 
of diodrast in an effort to detect any relation between the so-called 
“filtration fraction” and the degree of renal ischemia. In general, there 
appears to be an inverse relation, but again only half of the 24 patients 
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Chart 2. — Relation between the ratio of inulin clearance to diodrast clearance 
and renal ischemia (see text). The broken lines indicate our normal averages, and 
X signifies the normal subjects. For the significance of the other symbols see 
chart 1. DtQdrast Tin sginifies tubular secretion of diodrast. 

with hypertension have a ratio of diodrast clearance to tubular secre- 
tion of diodrast of Jess tlian 10, our lowest normal value. Of the 
6 patients who exhibit both ischemia and a high ratio of inulin clearance 
to diodrast clearance, only 1 falls in the uncomplicated group. Seven 
of the 8 in whom this ratio exceeds 0.25 have advanced renal disease. 
The 4 whose ratios are less than 0.15 all have primary glomerular 
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disease, though only 2 of them also have hypertension, and these 2 are 
the only ones of the entire series whose conditions plainly fall in the 
zone of relative hyperemia. 

COMMENT 

This failure to find consistently abnormal renal circulation patterns 
in subjects with essential hypertension is at variance with the reports 
of the originators of the method ; we are reluctant to draw dogmatic 
conclusions, particularly since our material is so limited. The mere 
fact, however, that even this small experience has disclosed a high 
percentage of patients with essential hypertension with normal clear- 
ance and normal tubular secretion of diodrast appears to lend support 
to the conclusion reached by others from studies on nephritis and the 
toxemias of pregnancy that demonstrable renal ischemia is not a constant 
factor in the genesis of high blood pressure and to the recent perfusion 
studies of Cox and Dock.*^ This is not to say, of course, that no 
disturbance in renal blood flow exists in these conditions; the experi- 
mental studies of Kohlstaedt and Page -- have shown that hypertension 
may depend primarily on diminution of pulse pressure within the 
kidney rather than on an absolute reduction in total blood flow. If 
one considers also the well known difficulties encountered in demon- 
strating renal ischemia even in animals the renal arteries of which are 
mechanically occluded,-^ it may be that too much is being asked of the 
clearance method. 

We do not think we have been too rigid in selecting our subjects 
with uncomplicated hypertension, for in every instance the diagnosis 
was. first made by a member of the regular house staff of the hospital. 
We also wish to point out that the selection of the subjects with 
advanced or with complicated hypertension was made clinically and 
was not arbitrarily based on the magnitude of the ratio of inulin clear- 
ance to diodrast clearance. Yet the correlation seems clear, and we 
are inclined to attribute disproportionate reduction of diodrast clearance 
to impaired tubular extraction of diodrast rather than to increased intra- 
glomerular pressure dependent on efferent arterial spasm. This, how- 
ever, is a matter of probabilit}^ rather than of demonstrated fact. 

As for glomerulonephritis, we have complete data on only 4 subjects, 
in all of whom the condition is chronic. There is marked individual 

21. Cox, A. J., Jr., and Dock, W.: The Capacity of the Renal Vascular Bed 
in Hypertension, J. Exper. I^Ied. 74:167, 1941. 

22. Kohlstaedt, K. G., and Page, L. H. : Production of Renin by Constricting the 

Renal Arterj’ of an Isolated Kidnev Perfused with Blood, Proc Soc Exner Biol 
&Med. 43:136, 1940. • i • 

23. ^ Page,^ I. H. : Newer Aspects of Experimental Hypertension in Blood, Heart 
and Circulation: Symposium, Publication 13, American Association for the Advance- 
ment of Science, 1940, p. 239. 
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variation, of course, but all showed low ratios between inulin clearance 
and diodrast clearance, none had subnormal ratios between diodrast 
clearance and tubular secretion of diodrast and 2 of those with more 
advanced glomerulonephritis had conditions definitely in the hyperemia 
zone. The interpretation of these data is clouded' by the theoretic possi- 
bilities of aglomerular tubules, “impotent” tubules and arteriovenous 
shunts, and we prefer simply to record the data. 

CONCLUSIONS 

Values for renal blood flow, glomerular filtration rate and tubular 
secretion of diodrast are reported on a series of normal subjects and 
patients with essential hypertension, glomerulonephritis and other types 
of renal disease. 

Plasma clearances of diodrast and inulin, even when interpreted in 
the light of tubular secretion of diodrast, indicate absence of renal 
ischemia in a high proportion of subjects with uncomplicated essential 
hypertension. 

Under controlled conditions the ratio between inulin clearance and 
diodrast clearance can represent the “filtration fraction,” but high ratios 
in subjects with hypertension probably result from diminished diodrast 
extraction rather than from increased filtration pressure. 

Note. — Since this manuscript was completed, more reports by Smith 
and his co-workers have appeared.^* Our findings appear to be in 
general agreement, although these authors would evidently exclude 
from consideration any subject who has a high ratio of inulin clearance 
to diodrast clearance but a normal ratio of diodrast clearance to tubular 
secretion of diodrast on the grounds that “impotent nephrons will pro- 
duce a vicarious hyperemia in such functional tissue as may be per- 
fused by the vestigial vascular channels related to the now defunct 
tissue.” It may be that the conversion of isolated tubules into 
“passive conduits” is common in Bright’s disease, but we have preferred 
to regard diminished diodrast extraction as a consequence of diffuse 
parenchymal degeneration. However that may be, its existence makes 
detection of coexisting renal ischemia by the clearance method difficult 
or impossible, since blood from the renal veins is unobtainable in human 
beings. These investigators have, moreover, reported on 3 hyper- 
tensive subjects with normal clearance and normal values for the tubular 
secretion of diodrast. If these are added to our subjects with uncompli- 

24. (o) Smith, H. W. : Note on the Interpretation of Clearance Methods in the 
Diseased Kidney, J. Clin. Investigation 20:631, 1941. (6) Goldring, W. ; Chasis, 
H. ; Ranges, H. A., and Smith, H. W. : Effective Renal Blood Flow in Subjects 
with Essential Hypertension, ibid. 20:637, 1941. (c) Chasis, H., and Redish, J. : 

Effective Renal Blood Flow in the Separate Kidneys of Subjects with Essential 
Hypertension, ibid. 20:655, 1941. 
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cated hypertension in whom both the ratio of inulin clearance to diodrast 
clearance and the ratio of diodrast clearance to tubular secretion of 
diodrast are normal, it appears difficult to believe that renal ischemia is 
a constant feature in this disorder. Although our absolute values for 
diodrast clearance and tubular secretion of diodrast are, for some 
unknown reason, consistently lower than those reported by Smith and 
associates, it should again be noted that our normal ratios between 
diodrast clearance and tubular secretion of diodrast are practically 
identical with theirs. 
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CRITICAL STATISTICAL ANALYSIS OF DATA ON 
RENAL FUNCTION IN GROUPED SUBJECTS 
WITH ESSENTIAL HYPERTENSION 


JAMES W. DALTON, M.D. 

AND 

FRANKLIN R. NUZUM, M.D. 

SANTA BARBARA, CALIF. 

We have made a statistical study of the renal function of patients 
with essential hypertension. The only large series of data available 
to us from tests of renal function are chiefly results of the Volhard, 
the phenolsulfonphthalein excretion and the urea clearance test. It has 
been shown by a number of investigators ^ that these tests do not 
demonstrate remarkable reductions in renal function in persons with 
essential hypertension. On studying the reports on which this con- 
clusion was based, it was evident that the opinion was obtained as a 
result of comparing single examples of renal function in persons v/ith 
essential hypertension with single examples of renal function in a nor- 
mal person in an attempt to demonstrate differential diagnostic possi- 

From the Cardiovascular-Renal Research Department, Santa Barbara Cottage 
Hospital. 

1. (a) Leiter, L. : Renal Function in Studies from the Lasker Foundation 
for Medical Research, Chicago, 1930-1937, vol, 1, no. 10. (b) Pratt, J. H. : Dilution 
and Concentration Tests of Renal Function, Boston M. & S. J. 195:203-207 
(July 29) 1926. (c) Ellis, L. B., and Weiss, S. : Normal Variations in Renal 

Function with a Discussion of Their Physiological Significance, Am. J. M. Sc. 
186:233-242, 1933; (d) Renal Function in Persons with One Kidney, ibid. 186: 
242-248, 1933; (e) Renal Function in Arterial Hypertension, J. A, M. A. 100: 
875-878 (March 25) 1933. (/) Chapman, E. M., and Halstead, J. A.: Frac- 

tional Phenolsulphonphthalein Test in Bright’s Disease, Am. J. M. Sc. 186:223-232, 
1933. (g) Van Slyke, D. D. ; Stillman, E. ; Modler, E. ; Ehrich, W. ; McIntosh, 

J. F. ; Leiter, L. ; Mackon, E. M. ; Hannon, R. R., and Moore, N. S. : Observation 
on the Course of Different Types of Bright’s Disease and on the Resultant Change 
in Renal Anatomy, Medicine 9:257-386, 1930. (/:) Kisch, F. : Essential Hyper- 

tension and the Kidneys, Wien. Arch. f. inn. Med. 9 : 1, 1925 ; abstracted, J. A. M. A. 
84:239 (Jan. 17) 1925. (i) Major, R. H. : Renal Function in Arterial Hyper- 

tension, Am. J. M. Sc. 176:637-644, 1928. (/) Musser, J. H., and Phillips, A. W. : 
A Comparison of Blood Pressure, Blood Urea Nitrogen, Phenolsulphonephthalein 
and Urine Tests in the Aged, J. Lab. & Clin. Med. 15:632-637, 1930. (k) Buck, 
R. W., and Proger, S. H. : Dilution and Concentration Test of Renal Function, 
New England J. Med. 203:1283-1288 (Dec. 25) 1930. (/) Freyberg, R. H.: The 
Choice and Interpretation of Tests of Renal Efficiency, J. A. M. A. 105:1575-1580 
(Nov. 16) 1935. 
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bilities of the tests. We have tried other methods of analysis in order 
to exhaust the possibilities of these tests. 

The purpose of this paper is to demonstrate that in spite of appar- 
ently small differences from normal there exists a significant reduction 
in the ability of the kidneys of patients with essential hypertension to 
concentrate urine and to excrete phenolsulfonphthalein. This reduction 
can be demonstrated only when the study includes data on hypertensive 
patients and on normal persons considered collectively for the respective 
groups instead of singly in individual comparisons. In addition, it will 
be shown that the age of the patient and the duration of the disease 
have no effect on the renal function either of normal or of hypertensive 
persons. It will be shown that increase in the severity of the disease, 
as indicated by a rise in diastolic pressure, is accompanied by reduction 
in renal function. It will also be demonstrated that the use of alkaline 
diets apparently causes delay in excretion of fluids. 

METHOD 

As reported before the Sixth Pacific Science Congress, we have performed 
tests of renal function on a group of 100 patients with essential hypertension and 
have compared the results with those obtained from tests on a group of normal 
subjects. In this study case histories of hospitalized patients were selected, each of 
whom had been subjected to at least six of eight different tests of renal function. 
At the time of the tests precautions were taken to eliminate extrarenal factors that 
might affect the outcome. Previous intake of nutrients was controlled, and 
dehydration through exercise and nervousness was prevented. Patients with ana- 
sarca were excluded. Extreme care was exercised in the collection of samples 
of urine, and drugs, such as sodium bicarbonate, were not given in a test period. 
Phenolsulfonphthalein excretion, urea clearance and the ability of the kidneys to con- 
centrate the urine were measured in the following manner: 

1. Phenolsulfonphthalein, 3 accurately measured in a tuberculin syringe, was 
given intravenously after emptying of the bladder and ingestion of 600 cc. of 
water. The result was reported in terms of the amount excreted at the end of 
two hours. 

2. The recommended technic for measuring urea clearance was strictly adhered 
to.^ Four hundred cubic centimeters of water was ingested at the beginning of 
the test in the hope of securing a maximum secretion, but frequently the rate 

2. Dalton, J. W,, and Nuzum, F. R. : Some Evidence of Impaired Function 
of the Kidney in Individuals with Essential Hypertension, Proc. Sixth Pacific 
Sc. Cong., to be published. 

3. Rountree, L. G., and Geraghty, J. T. : An Experimental and Clinical Study 
of the Functional Activity of the Kidneys by Means of Phenolsulphonephthalein, 
J. Pharmacol. & Exper. Therap. 1:579-661, 1910. 

4. Mj^ller, E. ; McIntosh, J. F., and Van Slyke, D. D. : Studies in Urea 
Excretion: 11. Relationship Between Urine Volume and the Rate of Urea Excre- 
tion by Normal Adults, J. Clin. Investigation 6:427-465, 1928. 
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of formation of urine fell below 2 cc. per minute. The values obtained for the 
first and the second hour were averaged. The result was expressed in terms of 
the percentage of normal. 

3. The concentration test of Volhard^ was begun at 7 a. m. after the bladder 
had been emptied. The subject consumed quickly 1,000 cc. of water flavored with 
orange juice. Thereafter, a dry diet was given. Specimens of urine were col- 
lected at two hour intervals until 7 p. m. A single specimen was collected between 
7 p. m. and 7 a. m. The volume of urine was measured within 5 cc. by standardized 
hydrometers, with correction for changes in temperature when indicated. 

The six hour output, the total day output and the total night output of urine, 
originally divisions of the Volhardt test, are listed under separate headings for 
the sake of clarity and .ease of study. In consideration of the effect of diet other 
tests include the twenty-four hour output of urine and the pn of the urine. 

After applying formulas applicable to groups of random samples, the statistical 
analysis was made by the computation of the means of the standard deviations 
through the use of the respective formulas of Fisher ^ and Burn.’' Because of 
the large volume of calculation and the limitation of space, the positive results 
are summarized in suitable tables. All negative results have been previously 
reported in detail.^ 

OBSERVATIONS 

Before comparing the results of renal function tests on a group of 
hypertensive patients with the results of the same tests on normal 
subjects, four variable conditions should be considered. The first of 
these variable conditions is the effect of the age of the subject on the 
function of the kidney. This variable is discharged in the following 
arrangement.® The samples are grouped according to decades in order 
to determine the significance of age in the variations of the readings. 

Number of Subjects 


Age, Yr. Hypertensive Normal 

20-30 .6 7 

31-40 7 9 

41 - 50 19 6 

51 - 60 24 10 

61 - 70 35 6 

71-80 9 6 

100 44 


A comparison is made, first, between the results of the renal function 
tests on patients with hypertension and the results of the same tests 

5. Volhard, F., and Suter, F, : Nieren und ableitende Harnwege, Berlin, 
Julius Springer, 1931, p. 165. 

6. Fisher, R. A.: Statistical Methods for Research Workers, London, Oliver 
& Boyd, 1930, p. 46. 

7. Burn, J. H. : Errors in Biological Assay, Physiol. Rev. 10:165, 1930. 

8. Fisher,® p. 107. 
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on normal subjects of the same decades. In continuing the test of the 
effect of age on renal function, another method is used. Comparison 
of the means of the results of tests on patients with hypertension of two 
consecutive decades is made, as well as a like comparison for the normal 
subjects of the same two periods. This is accomplished by a simple 
rearrangement of the data so that the 6 hypertensive patients of the 
decade 20-30 are compared with the hypertensive subjects of the decade 
31-40, and so on. In like manner, the 7 normal subjects of the decade 
20-30 are compared with the 9 normal subjects of the decade 31-40. In 
these studies of the effect of age on the function of the kidney the chances 
of an insignificant difference in both series occurred as often as one time 
in sixty, or even more frequently.^ It is felt that such an occurrence is 
too frequent and that apparent differences due to age are fortuitous. 

The second of the four important variables affecting the study of 
renal function in essential hypertension is the relation of the duration 
of the process to the degree of impairment of renal function. The data 
on the patients with hypertension are arranged by test into six groups, 
one for each of the following tests : total day output of urine, total night 
output of urine, six hour output of urine, specific gravity difference, 
phenolsulfonphthalein excretion and urea clearance. Each of the six 
groups is divided according to the known duration of the disease into 
the following eight divisions: durations of one, two, three, four, five, 
six to nine, ten to fourteen and fifteen to eighteen years, respectively. 
The results of the determinations of all other divisions are compared 
separately with those of the first division, one year’s duration. These 
collations have been published.^ The one computation in this study 
which proved existence of actual differences was the phenolsulfon- 
phthalein excretion for the division six to nine years’ duration when 
compared with that for the division one year’s duration. It must be 
remembered that there are forty-one other computations in this group of 
determinations testing this variable. Thus, one positive result in forty- 
two calculations is not outstanding, and one is forced to conclude that the 
duration of essential hypertension has no effect on the degree of impair- 
ment of function. 

The third important variable to study is the coexistence of varying 
degrees of hypertension and changes in renal function, as shown by the 
same tests. The data on all hypertensive patients are arranged in six 
groups, one for each test used. Each of these groups has three divisions. 
Data on patients whose blood pressures were recorded as under 200 
systolic and 99 diastolic are used as a basis of comparison. To this 
standard, in the first division, are compared data for the group having 
the same systolic pressures but having diastolic pressures ranging from 
100 to 140. In the second and the third division to the data for the 
standard group are compared results for groups in which the systolic 
pressures are over 200 and the diastolic pressures are, respectively. 



952 


ARCHIVES OF INTERNAL MEDICINE 


100 to 140 and 140 to 176. In table 1 is the summation of the results 
of these comparisons of the effects of extremes of hypertension on renal 
function. 

In the third division in the phenolsulfonphthalein test the value for 
P (probability of insignificant difference) is less than 0.01. In the 
specific gravity test for the same division this value is just greater than 

Table 1. — Effect oj Degree of Hyperieimon on Renal Function * 


Test 


Total day output of urine, 


Total night ouput of urine 


Six hour output of urine, 


Specific gravity difference. 


Phenolsulfonphthalein excretion.. . 


Urea clearance, per cent of normal 


Degree of Hypertension 

d 

Systolic Systolic Systolic 

150 - 200, 200 or More, 200 or More, 

Diastolic Diastolic Diastolic 

100-140 100-139 140-176 


X 

1,034.1 cc. 

1,034.1 cc. 

1,034.1 cc. 

y 

962.1 ce. 

932.5 CC, 

919.6 CC. 

X— y 

72.0 cc. 

101.6 CC. 

114.6 CC, 

n 

63 

45 

37 

P 

0.4 

0.4 

0.4 

X 

S16.7 cc. 

315.7 cc. 

315.7 cc. 

y 

367.2 cc. 

355.8 cc. 

522.9 CC, 

X— y 

51.5 cc. 

40.1 cc. 

207.2 cc. 

n 

63 

45 

36 

P 

0.4 

0.4 

0.02 

X 

794.4 cc. 

794.4 CC. 

794.4 cc. 

y 

676.1 cc. 

675.1 cc. 

617.6 cc. 

X— y 

119.3 cc. 

119.8 CC. 

276.8 CC, 

n 

61 

45 

37 

P 

0.1 

0.1 

0.02 

X 

1.0171 Gm./cc. 

1.0171 Gm./cc. 

1.0171 Gm./cc, 

y 

1.0179 Gm./cc, 

1.0162 Gm./cc. 

1.0116 Gm./cc. 

X— y 

— 0.0008 Gm./cc. 

0.0009 Gm./cc. 

0.0055 Gm./cc. 

n 

61 

45 

37 

P 

0.7 

0.5 

0.01 1 

X 

59.0% 

69.0% 

59.0% 

y 

69.2% 

64.2% 

37.5% 

X— y 

-0.2% 

4.9% 

21.6% 

u 

62 

45 

37 

P 

0.9 

0.2 

0.01 1 

X 

65.8 

65.8 

65.8 

y 

63.2 

60.0 

64.4 

X— y 

—2.4 

5.8 

1.4 

n 

63 

45 

37 

P 

0.7' 

0.7 

0.9 


* The following symbols have been employed: P, the probability of insignificant difference; 
n, the number of samples (both of x and y); x, the means of the results of tests on hyper- 
tensive patients with systolic pressures of 160 to 200 and diastolic pressiues from normal 
to 99, and y, the means of the results of tests on hypertensive patients with systolic and 
diastolic pressures as indicated in the three columns under the heading Degree of Hypertension. 

f Any difference in means that is significant is Indicated by a value for P of 0.01 or less. 


0.01. Therefore, the chances of an insignificant difference occurring 
are less than one in one hundred and between one in fifty and one in 
one hundred, respectively. The chances of an insignificant difference 
are nearly one in fifty in the total night output test and the six hour 
output test in the same division, as indicated by values for P of 0.02. 
Four differences in the foregoing study are important. As the number 
of samples is large, it is only necessary to test these four computations 
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by a more accurate method.^ The results of the new calculations are 
shown in table 2. 

The values obtained from the two tests are comparable. The quantity 
for P is determined, which again indicates the chances for insignificant 
difference. There is complete substantiation of the results of the phenol- 
sulfonphthalein excretion test in this new computation. The six hour 
output test, likewise, shows a real difference between the two means of 
the two extremes of hypertension. The total night output test and the 
specific gravity test allow an insignificant difference between the two 
means of one to five and one to twenty, respectively. In this more 
accurate study there are two instances out of eighteen computations in 
which unquestionable differences between means occur. 


Table 2. — Effect of Degree of Hypertension on Renal Function * 


Test 


Degree of Hypertension 

/ > 

Systolic 150 to 200, Systolic 200 or Over, 

Diastolic Normal to 99 Diastolic 140 to llB 



■ Mean 

315.7 cc. 


522.9 CC, 

Total night 

Standard deviation of the mean 

27.4 


149.5 

output of 

1 Difference 


207,2 CC. 


urine 

. P 


0.18 


1 

1 Mean 

794.4 cc. 


517.6 CC. 

Six hour I 

I Standard deviation of the mean 

74 


63.1 

output of 1 

1 Difference 


276.8 CC, 


urine 1 



0.01* 



r Mean 

1.0171 Gm./ce. 


1.0116 Gm./cc. 

Specific J 

[ Standard deviation of the mean 

0.0009 


0.0026 

gravity 

1 Difference 


0.0055 Gm./cc. 

difference 



0.05 


r Mean 

59.0% 


37.5% 

Phenolsulf- J Standard deviation of the mean 

2.90 


6.6 

onphthalein 

1 Difference 


21.5% 


excretion 

IP 


0.01* 



* Any difference in means is significant if indicated by a value for P of 0.01 or less. 


The fourth variable which should be considered is the effect of the 
alkalinity of the diet on the function of the kidney in hypertension. All 
of the patients with hypertension mentioned so far are from a group 
studied since 1932. These patients were given a general diet, the ash 
of which was neutral. They were not given alkaline medication. Prior 
to 1932, as a result of studies on 1 of us,’^° all patients with essential 
hypertension were placed on basic or semibasic diets. The renal func- 
tion of these patients on alkaline diets was studied through the use 
of the Volhard concentration and the phenolsulfonphthalein excretion 

9. Fisher, 6 pp. 101-102, Burn,'^ p. 168. 

10. Nuzum, F. R. ; Sansum, W. D., and Osborne, M. : The Experimental 
Production of Hypertension, Arch, Int Med. 35:497-499 (April) 1925. 
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test only. The sole test of the effect of the diet as an alkalinizing agent 
was the determination of the pn of the urine. If more than one reading 
of the />H was taken, an average was made. All patients were on the 
alkaline diet for one month before observations were started. The 
results of the tests from 36 records, from 1928 to 1932, are analyzed 
statistically and compared with the records of the same tests on a group 
of 71 patients, selected at random from the 100 patients with hyper- 
tension who were on the general diet. Because of the limited series 
of patients on the alkaline diet no subjects in the early adult years are 
included. This should make little difference, for it has been shown that 
age does not affect the function of the kidney as illustrated by the six 
tests of renal function considered. The data are derived from the 
results of the tests on patients in the following decades : 

No. of Subjects 


Decade 

General Diet 

Alkaline 

41-50 

10 

5 

51-60 

24 

12 

61-70 

28 

14 

71-80 

9 

5 


71 

36 


The appropriate formula is applied to the means and the standard 
deviation of the means of the two larger groups in order to determine 
the standard error. The results are summarized in table 3. 

Between respective tests, the p's., the total day output, the total night 
output and the six hour output test, of the diet groups significant dif- 
ferences occur more frequently than ninety-nine times in one hundred. 
To determine any effect on water balance due to retention of fluid 
because of diet, the total twenty-four hour output of urine is determined 
by the summation of the total day and the total night output. As is 
seen in table 3, there is no consequential difference in the means of 
the determinations of the twenty-four hour output. 

Since it has been shown that the age of the patient and the duration 
of the disease have no effect on renal function as illustrated by the six 
tests considered, the results of the study of the patients with hyperten- 
sion and the observations on normal subjects are divided into six groups 
each, according to the tests used. Thus the means and their standard 
deviation are computed, all ages and durations included with the use 
of -the formulas for standard error.^^ The summary of this collation 
is recorded in table 4. 


11. Fisher,® pp. 101-102. 



Table Z— Comparison of the Effect of a General Diet, and the Effect of an 
Alkaline Diet on the Renal Function of Patients, mth Hypertension 





Piet 

A 


Test 


^ General Diet 


Alkaline Diet 

f 


6.4 


7.25 

pn of urine \ 

Standard deviation of the mean 

0.08 

0.85 

0.05 




0.01* 


Total day f 
output of -’i 

Mean 

Standard deviation of the mean 

953.0 CC. 

43.1 

229.0 CC. 

724.0 CC. 

45.2 

urine 



0.01* 


Total night 
output of 

' Mean 

Standard deviation of the mean 

T)ifTprf»Tirfi 

372.0 CC. 

29.0 

202.0 CC. 

574.0 CC. 

50.5 

urine | 



0.01* 


Six hour 
output of ^ 
urine 

Mpnn 

688.0 CC. 


497.0 CC. 

i standard deviation of the mean 

1 Difference 

33.6 

191.0 CC. 

0.01* 

47.0 

Total 

twenty-four 
hour output 1 
of urine 1 

Specific 

gravity 

[Mean 

1 Standard deviation of the mean 

1 Difference 

1,319.2 CC. 

48.6 

20.0 CC. 

0.8 

1,299.2 CC. 

55.1 

r Mean 

1 Standard deviation of the mean 
1 

1.0149 Gm./cc. 
0.0007 

1.0140 Gm./cc. 
0.0011 

0.0009 Gm./ec. 

difference 

t p 


0.615 


PhenolEulf- 
onphthalcin • 
excretion 

f Mean 

63.0% 

2.0 

69.0% 

2.7 

f Standard deviation of the mean 

I Difference 

[ p 

6.0% 

0.09 





* Any difference in means that is significant is indicated by a value for P of 0.01 or less. 


Table 4. — Renal Function in Grouped Patients with Essential Hypertension and 
Grouped Normal Subjects as Illustrated by the Results 
of Common Clinical Tests 


Blood Pressure 

A 


Test 


r 

Hypertensive 


Normal 

Total day 
output of ■{ 
urine 1 

Mean 

Standard deviation of the mean 
Difference 

943.0 CC. 

35.3 

1,013.0 CC. 

48.2 

70.0 CC. 

0.24 

Total night 1 
output of 4 
urine 

Mean 

Standard deviation of the mean 

Difference 

P 

377.5 CC. 

26.7 

68.5 CC. 

0.07 

71.0 CC. 

0.15 

0.0041 Gm./cc. 
0.01* 

309.0 CC. 

27.1 

Six hour 
output of 4 
urine 

' Mean 

Standard deviation of the mean 

Difference 

P 

700.0 CC. 

30.2 

772.0 CC. 

41.0 

Specific 

gravity 

difference 

' Mean 

Standard deviation of the mean 

j Difference 

[ P 

1.0163 Gm./cc. 
0.0006 

1.0204 Gm./cc. 
0.0011 

Phenolsulf- 

onphthalein 

excretion 

f Mean 

55.6% 

1.685 

63.2% 

2.28 

1 Standard deviation of the mean 

1 Difference 

7 

1 P 




Urea 

clearance, 
percentage ■ 
of normal 
urine 

Mean 

Standard deviation of the mean 

Difference 

P 

65.5 

2.66 

2.2 

0.58 

63.5 

3.05 


• Any difference between means that is significant is indicated by values for P of 0.01 or less, 
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With the value for P less than 0.01 the differences between the 
hypertensive patients and the normal subjects in the fixation of specific 
gravity and the excretion of phenolsulfonphthalein are highly significant. 
Thus two of six determinations in this study offer a real difference 
between the renal function of a group of patients with essential hyper- 
tension and the renal operation of a group of normal subjects. 

COMMENT 

Although an adjunct rather than a mainstay of proof, statistical 
analysis is necessary in order more clearly to define the values at issue. 
Certain criticism of methods is valid. It is true that the numbers of 
samples in certain groups are small. Even so, an indication of a trend 
can be traced. It may be said that there is a violation in theory, at least, 
of the prerequisites of the random sample. Three major limitations to 
such sampling are unavoidable. All of these patients were hospitalized ; 
all had dietary and therapeutic restrictions, and all had to have six tests 
performed during one hospitalization. 

These statistical analyses and the subsequent results are made more 
easily understandable when it is emphasized that these results are from 
the study of a group of hypertensive patients and a group of normal 
subjects as groups and not from a comparison of the individuals forming 
each group. From a practical point of view the differences demonstrated 
here might not be elicited between any 2 individuals selected at random 
as representative of their respective groups. As such, these tests are 
not practical as clinical laboratory methods for demonstration of impair- 
ment of renal function in an isolated patient suspected of having essential 
hypertension, as may only be illustrated by computations derived from 
large numbers of hypertensive patients and normal subjects taken as 
groups. 

From the study of the first and the second variable, there is little 
doubt that withiij the limits of these tests there is evidence that the age 
of a subject and the duration of hypertension have no effect on con- 
centration or excretion by the kidney, either in patients with hyper- 
tension or in normal persons. 

With an increase of diastolic pressures to extremes there coexists 
a caducous excretion of phenolsulfonphthalein. A decrease in the six 
hour output of urine may possibly be present, indicating an increase in 
renal impairment in patients with excessive diastolic pressures, although 
such changes in function may be due to a delay in excretion of urine. 

At the time when alkaline diet was used extensively in the treatment 
of patients with essential hypertension the only check on the effects 
of this diet was the pn of the urine. Although the only change in the 
management of some of our patients was the substitution of an alkaline 
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diet, it is a just criticism that the variation in the excretion of the 
urine noted in the studies on alkaline diet cannot be proved to be due 
to the alkalinity of a patient as controlled by the diet. ’ However, at the 
time the alkaline diet was used, the patients had a definite variation in 
renal excretion from those patients on the general diet. The fixation 
of the specific gravity was the same in both groups. Although there 
is no apparent retention of fluid in the tissues of hypertensive patients 
using the alkaline diet, as indicated by the equivalent volumes in the 
twenty-four hour output of urine of the two groups, there is a definite 
delay in excretion of urine, as is seen in the reduction of the six hour 
output and the total day output, with the compensatory increase in the 
night output. 

In collecting the results of tests on patients in all decades according 
to the tests performed in the study summarized in table 4, one can note 
definite differences between two of the renal function tests in groups of 
patients with essential hypertension and groups of normal subjects. 
There is evidence of fixation of the specific gravity of the urine which 
with the reduction in ability to excrete phenolsulfonphthalein, is evidence 
of impairment of the function of the kidney in patients with essential 
hypertension. In the presence of the fixation of the specific gravity 
there is no increase in the volume output of the urine, which is the 
usual compensatory action in other types of renal disease with specific 
gravity fixation.^® Although definite, the difference between the means 
in the specific gravity tests is not great. This in itself is a possible 
explanation of the lack of variation from normal of the rate and the 
time of urine output. The reduction in excretion of phenolsulfonphtha- 
lein must be due to delay in glomerular filtration. There is no variation 
in fluid loss due to insensible perspiration in the absence of sweat in 
circulatory disease. 

SUMMARY 

Instead of studying differences between single examples and noting 
variations between two random single samples, a more sensitive obser- 
vation is made by comparing the results of renal function tests on 
patients with essential hypertension as a group with results of the same 
tests on normal subjects as a group. 

Working even in this manner we find that there is no variation of 
the renal function from the normal in a patient with essential hyper- 
tension because of the age of the patient or because of the duration of 
the disease. 

12. Lucia, S. P. : Personal communication to the authors. 

13. Lashmet, F. H., and Newburgh, J. H. : A Comparative Study of the 
Excretion of Water and Solids by Normal and Abnormal Kidneys, J. Clin 
Investigation 11:1003-1010, 1932. 

14. Dubois, E. F. : Basal Metabolism in Health and Disease, ed. 3, Philadel- 
phia, Lea & Febiger, 1936, p. 446. 
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There is a retardation of the flow of urine in patients with hyper- 
tension having high diastolic pressures. 

There is some indication of retardation of urinary flow and com- 
pensatory nocturia in hypertensive patients on an alkaline diet. 

In general, there is fixation of specific gravity and retardation of 
phenolsulfonphthalein output in patients with hypertension. 

The Volhard concentration and the phenolsulfonphthalein excretion 
test themselves are of no use clinically for the differential diagnostic 
purpose of distinguishing between persons with essential hypertension 
and normal persons in isolated instances. These studies indicate varia- 
tion in the physiologic processes of the kidney due to a disease process 
coexistent with essential hypertension. 

Dr. A. J. Lotka and Dr. N. R. Blatherwick of the Metropolitan Life Insurance 
Company assisted us and criticized our statistical methods. They expressed the 
belief that the conclusions drawn are essentially justifiable. All calculations have 
been checked and conclusions verified by H. H. Ritchie, Chairman, Department of 
Mathematics, Santa Barbara Junior High School. Dr. Fritz Bischoff, Chairman, 
Department of Research, Santa Barbara Cottage Hospital, offered criticism and 
assisted us in our analysis. 

All computations are on file in the Department of Research, Santa Barbara 
Cottage Hospital. They are available for the use of other investigators for 
comparison or as an adjunct to their work. 


301 West Pueblo Street. 
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The preponderance of the investigation dealing with the pathogenesis 
and the maintenance of chronic duodenal ulcer has been concerned with 
the acid gastric juice. A large amount of work has been reported tending 
to incriminate this factor and designed to determine the best means of 
combating and alleviating its ill effects. As a consequence, clinical 
attention has been narrowl}^ focused on the acidity in the stomach, while 
the acidity in the duodenum has been almost entirely neglected. In order 
to evaluate adequately the role of the acid gastric juice in duodenal ulcer, 
it is essential to know what effect the acid chyme has on the reaction 
and the neutralizing ability at the actual site of the ulcer — the 
duodenal bulb. 

The contents of the first part of the duodenum in normal persons 
have been shown to possess an ability to neutralize, buffer and dilute 
gastric chyme which is generally very efficient.^ In contradistinction to 
normal subjects, however, most patients with duodenal ulcer exhibit 
gastric hyperacidity and hypersecretion.- It is problematic whether a 
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1. Berk, J. E. ; Rehfuss, M. E., and Thomas, J. E. : The Acidity of the 
“Ulcer-Bearing Area” of the Duodenum in Normal Persons, Am. J. Digest. Dis. 
9:276, 1942. 

2. (a) Alvarez, W. C. : Standards of Normal in Gastric Secretion, Ann. Int. 
Med. 6:315, 1932. (&) Bloomfield, A. L. : Clinical Aspects of Gastric Secretion, 
ibid. 6:307, 1932; (c) The Problem of Gastric Hyperacidity, Am. J. Digest. Dis. 
6:700, 1939. (d) Bloomfield, A. L., and Polland, W. S. ; The Diagnostic Value 
of Studies of Gastric Secretion, J, A. M. A. 92:1508 (May 4) 1929. (e) Bloom- 
field, A. L. ; Chen, C. K., and French, L. R.; Basal Gastric Secretion as a 
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patient with ulcer with a scarred, contracted, irritable duodenal cap into 
which there is being emptied excessive amounts of acid gastric juice dis- 
plays a similar neutralizing efficiency. On the answer to this question rests 
in part some insight into the physiologic defects in ulcer ; only through its 
answer can the acid factor in duodenal ulcer be properly evaluated. 

Several investigators have endeavored to determine fhe duodenal 
reaction in patients with duodenal ulcer,® but Morton alone ^ concerned 
himself with the important “ulcer-bearing” duodenal cap. Patients with 
peptic ulcer, he found, displayed higher values and wider variations in 
duodenal bulb acidity than did normal persons. The most constant 
feature in the patients with ulcer was the more or less uniform presence 
of titratable free acid in the contents of the first part of the duodenum. 

Clinical Test of Gastric Function with Special Reference to Peptic Ulcer, J. Clin. 
Investigation 19:863, 1940. (/) Bockus, H. L. ; Glassmire, C., and Bank, J. : 

Fractional Gastric Analysis in Two Hundred Cases of Duodenal Ulcer, Am. J. 
Surg. 12:6, 1931. (g) Cheney, G., and Bloomfield, A. L. : Gastric Function in 

Cases of Gastric and Duodenal Ulcer, J. Clin. Investigation 5:511, 1928. (/:) 

Comfort, M. W., and Osterberg, A. E. : Gastric Secretion After Stimulation with 
Histamine in the Presence of Various Types of Gastric and Duodenal Lesions, 
J. A. M. A. 97:1141 (Oct. 17) 1931. (i) Hurst, A. F. : Hyperesthenic Gastric 
Diathesis, Lancet 2:1369, 1922. (/) Hurst, A. F., and Venables, J. F. : The 

True Incidence of Hyperchlorhydria in Gastric and Duodenal Ulcer, Guy’s Hosp. 
Rep. 79:249, 1929. (^) Polland, W. S.: Histamine Test Meals: An Analysis 

of Nine Hundred and Eighty-Eight Consecutive Tests, Arch. Int. Med. 51:903 
(June) 1933. (/) Rehfuss, M. E. : Possibilities of Fractional Gastric Analysis, 

J. A. M. A. 71:1534 (Nov. 9) 1918; («i) The Diagnosis and Treatment of 
Diseases of the Stomach, Philadelphia, W. B. Saunders Company, 1927. (n) 

Ruffin, J. M., and Dick, M. : The Significance of Gastric Acidity After Histamine 
Stimulation; A Statistical Study of 2,877 Gastric Analyses, Ann. Int. Med. 12: 
1940, 1939. (o) Vanzant, F. R. ; Osterberg, A. E. ; Alvarez, W. C.*, and Rivers, 
A. B. : Studies of Gastric Pepsin : 11. Secretion of Pepsin in Cases of Duo- 
denal Ulcer and Pseudo-Ulcer, J. Clin Investigation 12:557, 1933. (/>) Vanzant, 

F. R. ; Alvarez, W. C. ; Berkson, J., and Eusterman, G. B. : Changes in Gastric 
Acidity in Peptic Ulcer, Cholecystitis and Other Diseases Analyzed with the Help 
of a New and Accurate Technic, Arch. Int. Med. 52:616 (Oct.) 1933. 

3. (a) Einhorn, M. : Experiences with the Duodenal Contents, J. A. M. A. 

55:6 (July 2) 1910; (6) Fractional Examination of the Duodenal Contents in 
Peptic Ulcer, ibid. 72:1471 (Nov. 5) 1921; (c) The Duodenal Tube and Its Possi- 
bilities, Philadelphia, F. A. Davis Company, 1926. (d) Einhorn, M., and Rosen- 

bloom, J. : A Study of the Duodenal Contents in Man, Arch. Int. Med. 6 : 666 
(Dec.) 1910. (e) Kearney, R. W. ; Comfort, M. W., and Osterberg, A. E. : 
Hydrogen Ion Concentration of the Duodenal Contents Under Fasting Condi- 
tions in Normal Persons and in Patients with Duodenal Ulcer: A Comparative 
Study, J. Clin. Investigation 20:221, 1941. (f) Morton, C. B. ; Observations on 
Peptic Ulcer: VI. Preliminary Report of Clinical Experiments with Gastro- 
Duodenal Analysis, Am. J. M. Sc. 177:65, 1929; (ff) Observations on Peptic Ulcer, 
South. Surgeon 3:316, 1934. 

4. Morton, footnotes 3/ and ff. 
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Morton’s work, however, has several shortcomings ; there was uncertainty 
as to the precise position of the tip of the duodenal tube throughout the 
period of observation, for the most part only single samples were removed 
and pn determinations were not made. 

The present communication represents the results of an inquiry into 
the acidity and the neutralizing ability of the duodenal bulb contents in 
patients with duodenal ulcer through the use of a method which largely 
meets the objections raised to previous investigations.® It was hoped 
that the information gained would contribute to a solution of some of the 
problems which have been posed and would provide better criteria with 
which to judge the role of the acid gastric juice in duodenal ulcer. 

MATERIAL 

From the wards and from the outpatient gastrointestinal disease clinic of the 
Jefferson Hospital 19 patients were chosen at random, all of whom at the time 
were complaining of s 3 miptoms referable to an ulcer and all of whom gave radio- 
logic evidence of an active, nonobstructive duodenal ulcer without any demon- 
strable lesion in the stomach. A number had had previous episodes of bleeding, 
and in the few who had been subjected to gastroscopic examination no evidence 
of gastritis or gastric ulcer was found. 

Of the entire group studied 17 persons (12 men, 5 women) were selected for 
the purpose of this presentation because the experiments performed on them were 
considered satisfactory from the technical viewpoint. The 17 ranged in age from 
21 to 59 years, with an average age of 42.7 years. The men ranged from 21 to 
57 years of age, with an average of 42.5 years, and the women from 21 to 59 years 
of age, with an average of 43.2 years. 

METHOD 

Each patient was studied in the morning before breakfast and after a twelve 
hour fast. Through the use of a specially constructed double lumen tube and a 
method which permitted more or less constant fluoroscopic control as well as 
roentgenographic proof of the position of the tube,® specimens were simultaneously 
withdrawn at ten minute intervals from the pyloric antrum and from the duo- 
denal cap. Samples were collected for one-half hour in the fasting state and for 
two hours after the feeding of an Ewald meal consisting of two pieces of stale 
bread or dry toast and 250 cc. of tap water. 

On each gastric and duodenal sample the pa was determined at once through 
the use of a Leeds-Northrup pn indicator, which employs a glass electrode. The 
free and the total acidity of each specimen was titrimetrically estimated after 
filtration, Toepfer’s reagent and phenol phthalein being used as the respective color 
indicators.® On each duodenal sample, in addition, there was determined what 
was called the excess neutralizing ability. This consisted of the amount of 

5. Berk, J. E.; Rehfuss, M. E., and Thomas, J. E. : A Method for the 
Simultaneous Aspiration of the Contents of the Stomach and First Part of the 
Duodenum, J. A. M. A. 119:259 (May 16) 1942. 

6. Berk, J. E.; Thomas, J. E., and Rehfuss, M. E. ; Limitations in the Use 
of Color Indicators in Gastric Analysis, Am. J. Digest. Dis. 9:106, 1942. 
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tenth-normal hydrochloric acid which it’ was necessary to add before Toepfer’s 
reagent indicated a positive reaction for free acidJ 




Chart 1. — Acidity in pa units of samples collected simultaneously from just 
above and just below the pylorus. 

7. Berk, J. E.; Thomas, J. E., and Rehfuss, M. E.; The Reaction and 
Neutralizing Ability of the Contents of the Pyloric Antrum and First Part of 
the Duodenum in Normal Dogs Following an Ewald Meal, Am. J. Physiol. 136:157, 
1942 ; footnote 5. 
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Of the 32 experiments which were made 23 were accepted as satisfactory from 
the standpoint of technic. These involved 2,202 separate determinations consist- 
ing of 633 determinations of pa, 625 estimations of free acid, 625 estimations of 
total acidity and 319 determinations of excess neutralizing ability of the duodenal 
contents. The values for the four specimens obtained from each person in the 
fasting state were averaged and expressed as a single value. 

RESULTS 

Acidity in pu Units (chart 1). — Stomach: As was to be expected, 
the hydrogen ion concentration of the stomach contents in patients with 
duodenal ulcer was much greater than that encountered in normal persons 
(an average postmeal pn of 1.68, as compared with 2.78).^ Not only 
was the average pn lower, but the distribution range of the values was 
much narrower. Only 2 (0.88 per cent) of the 227 postmeal samples 
exhibited a pn in excess of 3.5, the value which we had adopted as the 
critical one for free acid.° 

Duodenum : The average postmeal duodenal pn was also lower than 
that observed in normal persons (3.87, as compared with 4.94).^ 
Although numerically the differences from the normal pn in the stomach 
and in the duodenum of patients with ulcer were approximately equal, on 
a percentage basis the gastric pn was 39.4 per cent, while the duodenal 
pn was only 21.6 per cent, lower than the normal value. This fact 
strongly suggests that the reaction in the duodenal cap is only in part 
determined by the hydrogen ion concentration of the stomach contents 
and that increases in gastric acidity are not necessarily associated with 
equal increases in duodenal acidity. 

Samples collected simultaneously from just above and just below the 
pylorus in patients with ulcer exhibited a consistent difference in pu, just 
as did samples from normal persons. Surprisingly enough, the difference 
in the average postmeal value was as great (2.19 pu units) as that dis- 
played by normal persons (2.17 pn units) . In contradistinction to normal 
persons, in patients with ulcer the average postmeal p-^. of the duodenal 
bulb contents not only fell below 3.5 but remained below this critical 
level for four consecutive readings (thirty to sixty minutes postcibal, 
inclusive). Furthermore, 53.9 per cent of all the post-Ewald-meal 
samples had positive reactions for free acid {pn 3.5 or below), an increase 
of 70 per cent over the samples from normal persons fed the -same meal. 

A pronounced fluctuation in the reaction of the contents of the 
duodenum, especially in the first part, has been noted both in dogs ® 

• 8. Mann, F. C., and Bollman, J. L. ; A Symposium Concerned with the Duo- 
denal Factors in the Neutralization of Acid Chyme, Am. J. Digest. Dis. & 
Nutrition 2:284, 1935. 
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Chart 2. — ^Free acid as determined on samples collected simultaneously from 
just above and just below the pylorus. 
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and in man.° We did not observe this fluctuation in normal subjects, 
but a considerable degree of fluctuation in pn readings was by no means 
uncommon in patients with duodenal ulcer. As a consequence, low p-n 
values were widely scattered throughout the various postmeal intervals, 
although most of the low readings tended to concentrate between the 
thirty and the seventy minute determinations. 

The discrepancy in the configuration of the plotted values of the 
average pn in the pyloric antrum and in the duodenal cap is worthy of 
special note. The relative independence of these curves shows that one 
cannot rely with any assurance on the gastric pn as an index of the 
behavior of the pn present over the same period of time in the first 
part of the duodenum. 

Free Acid (chart 2). — Stomach: The distinct curve pattern of the 
plotted values for average gastric free acid was in sharp contrast to 
the relatively flat line assumed by the plotted values for average gastric 
p-R (chart 1). The pattern more closely simulated that of the average 
duodenal pu (chart 1), yet a definite variation can be discerned. 

Duodenum: Free acid as determined colorimetrically was found in 
the contents of the first part of the duodenum in 37.5 per cent of all 
the postmeal specimens. This frequency was much greater than that 
for normal persons.^ In the colorimetric determinations of free acid our 
end point with Toepfer’s reagent was just below 3.5.® With our 
technic, however, the filtration and the dilution of the samples prepara- 
tory to titration introduce an error that results in some false negative 
readings.® We must assume, therefore, that all specimens with a pn of 
3.5 or less in the unfiltered and undiluted state contain free acid. On 
this basis over one half (53.9 per cent) of all the postmeal duodenal 
samples contained free acid; the corresponding value for normal sub- 
jects determined in the same way was slightly less than one third 
(31.7 per cent). 

Colorimetrically 82.3 per cent and electrometrically 100 per cent of 
all the patients showed free acid in their duodenal bulb contents at 
some time during the postmeal phase. Colorimetrically 52.9 per cent 
and electrometrically 70.5 per cent of the patients showed free acid in 
three or more consecutive postmeal samples. These figures are much 
greater than similar ones determined for normal subjects.’^ Furthermore, 
free acid tended to persist for longer periods in the duodenum in patients 
with ulcer than in normal subjects; there was much less of a tendency- 
toward rapid recuperation of neutralizing efficiency. This observation 

9. Eyerly, J. B. : Comparative pn Values Within the Stomach, Pylorus and 
Duodenum in Antacid Therapy, Am. J. Digest. Dis. 7:431, 1940. Karr, W. G., 
and Abbott, W. O. : Intubation Studies of the Human Small Intestine: IV. 
Chemical Characteristics of the Intestinal Contents in the Fasting State and as 
Influenced by the Administration of Acids, of Alkalies and of Water, J. Clin. 
Investigation 14:893, 1935. Kearney, Comfort and Osterberg.^e 
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is best illustrated by the fact that one half (52.9 per cent) of all the 
patients studied showed pn values of 3.5 or less for six consecutive 
postmeal samples. 




Chart 3. — Total acidity of samples collected simultaneously from just above 
and just below the pylorus. 


Total Acidity (chart 3). — Stomach: The average gastric total 
acidity, like the free acid, was sharply different in curve pattern from 
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the average gastric pn (chart 1). Even though the pattern bore a 
closer resemblance to the curve of the average duodenal pu (chart 1), 
the parallelism was not close enough at all points to warrant reliance 
on gastric total acidity as a sure index of the behavior of the coexistent 
effective acidity in the duodenal bulb. 

Duodenum: The lack of sharp agreement between the curve for 
average gastric and that for average duodenal total acidity should be 




Chart 4.— Excess neutralizing ability of the contents of the first part of the 
duodenum. 


noted. The slight but significant discrepancies between them is further 
indication of the absence of a constant relationship between the aciditv 
simultaneously determined in the stomach and in the duodenal contents. 

Excess N eufralising Ability of the Duodenal Contents (chart 4).~ 
Excess neutralizing ability has been defined^ as a measure of the 
reserve capacity which the contents of the duodenal bulb possess to 
neutralize, buffer and dilute the chyme received from the stomach 
above that necessary to offset the free acid content. 
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More than two out of every five (43.1 per cent) of the postmeal 
duodenal samples failed to display any excess neutralizing ability as 
compared with less than one in every five (19.9 per cent) of the speci- 
mens obtained from normal subjects.^ In added contrast to normal 
persons, however, patients with ulcer showed a much wider distribution 
range of values. It is a physiologic maxim that efficient regulatory mecha- 
nisms show narrow ranges. Wide departures from the average, there- 
fore, as illustrated on the one hand by the greater number of specimens 
containing free acid or on the other by the higher range of values for 
excess neutralizing ability, are indicative of inefficiency of the duodenal 
neutralizing regulatory mechanism in patients with ulcer. 

The rise in the value for average excess neutralizing ability during 
the second postprandial hour, when the values for gastric acidity were 
high, probably accounts for the concomitant increase in duodenal 
and suggests that the duodenal neutralizing capacity was in the ascen- 
dancy during that period, 

COMMENT 

There are recognized deficiencies in the method of study employed 
which permit a fair amount of experimental error.'' Our primary purpose 
in this presentation, however, was to compare patients with duodenal 
ulcer with normal persons in regard to the acidity and the neutralizing 
ability of the contents of the first part of the duodenum. The utiliza- 
tion, therefore, of the same method of study for the two groups affords 
an acceptable means of comparison, because any inherent experimental 
error is thereby equally applicable to each group. 

The duodenal bulb is distinctly an acid area, especially in patients 
with duodenal ulcer. Its contents in such patients after an Ewald meal 
have an average of abbut 3.9. This value indicates a hydrogen ion 
concentration in excess of that encountered in normal persons; still, it 
is above the critical level below which free acid is said to be present 
(pH 3.5). 

The ability of the contents of the first part of the duodenum to 
neutralize, buffer and dilute the gastric chyme is in evidence in patients 
with duodenal ulcer although impaired. Despite higher average values 
for gastric acidity, patients with duodenal ulcer are able to maintain 
an average difference in pH between the contents of the pyloric antrum 
and the contents of the duodenal bulb which is as great as that in normal 
subjects. Nevertheless, as is best illustrated in the individual experi- 
ments, the neutralizing ability of the duodenal bulb in contrast to that 
of normal persons is overcome more frequently, to a greater extent and 
for longer periods of time. Electrometrically all the patients studied 
showed free acid (pH 3.5 or less) in the duodenal bulb contents at 
some time during a two hour fractional period of observation after 
an Ewald meal ; over one half of them displayed a positive reaction for 
free acid in six consecutive postmeal samples. The increased frequency 
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with which free acid is encountered in the contents of the first part 
of the duodenum, as well as the higher average acidity values, for patients 
with ulcer as compared with those for normal subjects confirms Morton s ^ 
findings. 

The explanation for the increase in duodenal acidity in patients with 
duodenal ulcer would appear, offhand, to rest in the higher values for 
gastric acidity which they display. Earlier investigators, however, have 
called attention to an apparent lack of relationship between gastric acidity 
and duodenal acidity,^® and we ^ have been able to demonstrate that in 
normal persons the duodenal reaction is affected to a lesser extent than 
would be expected from an increase in gastric hydrogen ion concentration. 
In the present study also there was some indication that increases in 
gastric acidity in patients with duodenal ulcer are not necessarily asso- 
ciated with increases in duodenal acidity of equal magnitude (chart 1). 
Hence, in regard to evaluation of the acid factor in duodenal ulcer, it 
becomes a matter of some importance whether or not the acidity at the 
site of the ulcer proper is determined only by the degree of acidity of the 
gastric chyme. 

We undertook to answer this question in part by comparing the 
entire group of patients with duodenal ulcer available for study with 
6 normal subjects specially selected because of their high values for 
gastric acidity (charts 5, 6, 7 and 8). The close parallelism between 
the acid titers in the two groups is easily apparent. It is noteworthy, 
however, that the normal subjects, particularly in the second half of 
the observation period, uniformly displayed higher gastric acid concen- 
trations and at the same time lower duodenal acid concentrations than 
did the patients with duodenal ulcer. This, we hold, is evidence that 
the degree of acidity of the stomach contents is by no means the sole 
determinant of the degree of acidity of the duodenal bulb contents and 
that patients with duodenal ulcer differ from normal persons not only 
in the direction of gastric hyperacidity but in the direction of a defective- 
ness of the neutralizing capacity in the duodenal bulb. The sharp 
fluctuation in the reaction of the contents of the first part of the duodenum 

10. The Fractional Examination of the Duodenal Contents, Am. I. M. Sc. 156: 
817, 1918. Friedenwald, J., and Sindler, I.: Fractional Analysis of the Duodenal 
Contents in Normal Individuals, J. A. M. A. 77:1469 (Nov. 5) 1921. McClure, 
C. W., and Wetmore, A. S. : Studies in Pancreatic Function: Enzyme Concen- 
tration of Duodenal Contents After the Ingestion of Pure Foodstuffs and Food 
Mixtures by Normal Men, Boston M. & S. J. 187:882, 1922. McClure, C. W.; 
Wetmore, A. S., and Reynolds, S. : Physical Characters and Enzymatic Activi- 
ties of Duodenal Contents: Findings During Gastric Digestion in Normal Young 
Men, J. A. M. A. 77:1468 (Nov. 5) 1921. Okoda, S., and Arai, M.: The 
Hydrogen Ion Concentration of the Intestinal Contents, J. Biol. Chem. 51:135, 
1922. Einhorn.3b Einhorn.se Kearney, Comfort and Osterberg.^e Morton.^f 
Morton.ss 
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Chart S. — ^Average acidity in pn units of samples collected simultaneously from 
just above and just below the pylorus from patients with duodenal ulcer com- 
pared with that of samples from a group of normal subjects with gastric 
hyperacidity. 



Chart 6. — ^Average free acid, as determined on samples collected simultaneously 
from just above and just below the pylorus of patients with duodenal ulcer 
compared with that of a group of normal subjects with gastric hyperacidity. 






BERK ET AL.— ULCER 


AND DUODENAL BULB CONTENT 971 



Cliart 7.--Average total acidity of samples collected simultaneously from just 
above and just below the pylorus from patients with duodenal ulcer compared 
with that of samples collected from a group of normal subjects with gastric 
hyperacidity. 



Chart 8. — Average excess neutralizing ability of the contents of the first part 
of the duodenum in patients with duodenal ulcer compared with that for a group 
of normal subjects with gastric hyperacidity. 
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which was noted in patients with nicer but not in normal subjects (chart 1 ) 
is probably another manifestation of a defective neutralizing mechanism.®*^ 
In this respect, too, it is of interest that the average excess neutralizing 
ability of the duodenal contents (chart 8) was less in normal persons 
than in patients with ulcer. This fact, we assume, is attributable to a 
more efficient regulatory mechanism, which prevents wide excursions 
from the average in the direction either of excess acidity or of excess 
neutralizing ability. 

It is to be emphasized that the conclusions we have drawn are all 
predicated on studies made on the acid concentration and not on the 
volume of gastric and duodenal contents. We have every reason to 
believe that the normal persons we selected were as much persons with 
hypersecretion as were the patients with duodenal ulcer, but with our 
method of study it was impossible to measure total amounts of acid 
without seriously interfering with normal physiologic processes. 

The findings reported in this study are merely another small link 
in a growing chain of evidence indicating that the acid gastric juice 
per se is not so important a factor in ulcer as it has hitherto been 
considered. It is common knowledge that normal persons may have 
values for gastric acid just as high as patients with duodenal ulcer,^^ 
and it is just as well recognized that there is no reduction in gastric 
acidity with the healing of an uncomplicated duodenal ulcer.^- , Bloom- 
field and French could demonstrate no constant relationship between 
the basal gastric acidity and the speed of healing of an ulcer. Alvarez 
found no certain relationship between the acid titer and the intractability 
of an ulcer. Brown and Dolkart concluded that the trend of gastric 
acidity bears no relationship to the onset of a recurrence in patients with 
ulcer. Prolonged gastric hypersecretion in dogs has failed according to 

11. Baird, M. M. ; Campbell, J. M. H., and Hern, J. R. B. : Gastric Secre- 
tion, Physique and Physical Fitness, Gu 3 '’s Hosp. Rep. 74:339, 1924. Bennett, 
T. L, and Ryle, J. A. : Studies in Gastric Secretion : V. A Study of the Normal 
Gastric Function Based on the Investigation of One Hundred Healthy Alen by 
.Means of the Fractional Method of Gastric Analysis, ibid. 71:286, 1921. Polland, 
W. S., and Bloomfield, A. L. : Normal Standards of Gastric Function, J. Clin. 
Investigation 9:651, 1931. Bloomfield. Bloomfield and Polland.-'' Hurst.-' 
Rehfuss.-' 

12. (a) Alvarez, W. C. : The Unreliability of Gastric Analysis as an Inde.v 

to Prognosis in Cases of Peptic Ulcer, editorial. Am. J. Digest. Dis. 6:557, 1939. 
(b) Bloomfield, A. L., and French, L. R. : Basal Gastric Secretion in Cases of 
Peptic Ulcer ; Relation of Acidity to Healing of Ulcer, J. Clin. Investigation 
17:667, 1938. (c) Brown, C. F. G., and Dolkart, R. E.: Gastric Acid During 
Recurrences and Remissions of Duodenal Ulcer, Arch. Int. Med. 60:680 (Oct.) 
1937. (d) Sandweiss, D. J. ; Sugarman, M. H. ; Friedman, AI. H. F. ; Saltzstein. 

H. C., and Farbman, A. A. : The Effect of Urine Extracts on Peptic Ulcer : 
An Experimental and Clinical Study, Am. J. Digest. Dis. 8:371, 1941. (c) Bockus, 
Glassmire and Bank.-^ (/) Hurst and Venables.-i 
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some investigators,' to produce chronic gastric or duodenal ulcer, and 
we were able to demonstrate that even though temporary gastric hyper- 
secretion in normal dogs frequently interferes with adequate neutrahza- 
lion in the duodenal bulb, the impairment is usually slight and for the 
most part is rapidly corrected.'' What well might prove to be the death 
knell of the theory of the acid factor in ulcer is the recent work with 
urogastrone. This has shown rather conclusively that the urine of 
patients with symptoms of active duodenal ulcer contains a gastric 
secretory depressant and, what is even more striking, that normal urine 
contains a substance having a definite prophylactic and therapeutic effect 
against lilann-Williamson ulcers and causing symptomatic improve- 
ment in patients with duodenal ulcer without bringing about any decrease 
in the gastric secretory response to stimuli.'-** 

There is much to corroborate the suggestive evidente we have gath- 
ered that a priman.' defect in duodenal ulcer is an impaired efficiency of 
duodenal neutralization. Resistance to the formation of an experimental 
ulcer has been .shown to decrease in proportion to an interference with 
the alkalinizing mechanism of the duodenum.® A relative acid-alkali 
imbalance ' and a relative deficiency of neutralizing and diluting fluid, 
as well as a disturbance in the neutralizing and diluting mechanism."'' 
have been demonstrated in patients with duodenal ulcer. There is some 
evidence, moreover, that the neutralizing juices, the pancreatic and the 
biliary in particular, are defective in such patients.”’ 

It is difficult to conceive of immediate effective neutralization of 
gastric chyme as it enters the duodenum unless there is a considerable 
concentration of duodenal contents in the bulb. One of us (Thomas ") 
previously .suggested that an interference with ‘‘receptive relaxation” in 


X 


13. Orndorff, J. R.; Bergli, G. .S.. and Ivy, A. C. : Peptic Ulcer and the 
“Anxiety Complex.” Surg., Gynec. & Obst. 61:162, 1935. Schmidt. C. R., and 
Fogelson, S. J. : The Effect of Physiologic Hypersecretion on tlie Gastro-Duodenal 
!Mucosa, Am. J. Physiol. 120:87, 1937. 

14. Berk, J. E.; Thomas, J. E., and Rchfuss, E.: Tlie Effect of Gastric 
Hypersecretion on the Reaction and Neutralizing Ability of the Contents of the 
First Part of the Duodenum in Normal Dogs, .Am. J. Digest. Dis. 9:297, 1942. 


la. Friedman, AI. H. F., and Sandweiss, D. J.: The Gastric Secretory Depres- 
sant in Urine, Am. J. Digest. Dis. 8 : 366 , 1941. 

16. Ask-Upinark, E. : Further Observations on the Pathogenesis of Peptic 
Ulcer, Acta med. Scandinav. 103:280, 1940. Ivy, A. C; Schrager, U. G., and 
Morgan, J. E. : Spontaneous Ulcers in Dogs with Chronic Mild Icterus, Proc. 
Soc. Exper. Biol. & I^Ied. 30:698, 1933. Jergesen. F. H., and Simonds, J. P. : 

The Blood Lipase in Patients with Peptic Ulcer, J. Lab. & Clin. Med. 19:1054, 

1934. McClure, C. W., and Huntzinger. AI. E.: Pathologic-Physiologic Studies 
on Changes m the External Secretions of the Pancreas and Liver, New Entrland 
J. Med. 206:507, 1932. Reymont, A.: A Study of Liver Function in Experi- 
mental Peptic” Ulcer, Am. J. Digest. Dis. 7:65. 1940. 

1/ Thomas, J. E : The Maximal Acidity of the Intestinal Contents During 

Digestion, Am. J. Digest. Dis. 7:195, 1940. ^ 
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the duodenum of patients with ulcer, either as a result of changes in the 
duodenum before the appearance of ulceration or as a result of the ulcer 
itself, might act to prevent an accumulation of duodenal contents in 
the juxtapyloric region. The retention of this neurophysiologic mechan- 
ism in normal persons and its disruption in patients with ulcer might 
help explain the more efficient duodenal neutralization in the former. 
Morton ^ earlier was led to believe from his experimental work that a 
basic defect in patients with ulcer is some derangement in the function 
of the pylorus which results in improper mixing of the gastric and the 
duodenal contents. 

Attention was called to the relative independence of the graphic 
curves of titratable gastric acidity and of gastric and to the lack of 
close parallelism between the several indexes of gastric acidity and the pn 
in the duodenal cap. It seems justifiable to conclude that none of the 
customaiy measures of gastric acidity can be relied on with any certainty 
to indicate the behavior of the effective acidity {pn) present over the 
same period of time in the duodenal bulb. 

SUMMARY AND CONCLUSIONS 

1. The contents of the duodenal bulb, which is the parent site of 
most clinical ulcers, are more acid in patients with duodenal ulcer than 
in normal subjects. In patients with ulcer after an Ewald meal the 
contents of the duodenal bulb have an average pn of about 3.9. 

2. The ability of the contents of the first part of the duodenum to 
neutralize, buffer and dilute the gastric chyme is in evidence in 
patients with duodenal ulcer although impaired. In contrast to that of 
normal persons, however, the neutralizing ability of the duodenal bulb 
contents is overcome more frequently, to a greater extent and for longer 
periods of time. 

3. Free acid is more frequently encountered in the contents of the first 
part of the duodenum in patients with an ulcer in that location than it is in 
normal subjects. 

4. Patients with duodenal ulcer appear to differ from normal persons 
not only in the direction of gastric hyperacidity but in the direction of 
a defectiveness of the neutralizing capacity in the duodenal bulb. 

5. Acid gastric juice per se is not so important a factor in duodenal 
ulcer as it has hitherto been considered. 

6. The degree of acidity of the stomach contents is by no means the 
sole determinant of the degree of acidity of the duodenal bulb contents. 
There is no parallel relationship between the effective acidity {pn) i” 
the duodenal bulb and any of the customary indexes of gastric acidity. 

Dr. B. B. Vincent Lyon permitted stud}' of the patients and use of the facili- 
ties of the gastrointestinal disease clinic, and Dr. Melvin Dillman and Dr. Karl 
Kornblum cooperated in performing the roentgenologic studies on each subject. 
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The present study was made possible by employing directly the daily 
weight of patients with cardiac disease— the simplest and yet most 
accurate means of following diuretic response, great or small. A number 
of the commonl}'^ used diuretics were administered to these patients, 
including some of the more recently popularized agents which contain 
the combination of a xanthine derivative with a mercurial. 

Eefore going into further details we would stress two points which 
seem to us of importance in consideration of previous studies on 
diuretics. First, most of the observations up to the present have 
necessarily been of relatively short duration (usually a matter of weeks) 
because of the time limitations placed on the hospitalization of all types 
of patients. jMarvin,^ in his studies on xanthine derivatives, emphasized 
the fact that his patients were under observation from only three weeks 
to a little over six weeks. The patients in our series were under con- 
tinuous observation for an average of over forty-two week's, because 
of favorable circumstances of hospitalization. Second, the evaluation 
of diuretic action has usually been derived from observations made on 
patients with far advanced congestive heart failure. It is logical to 
presume that in the presence of a great excess of edema fluid any one 
of many diuretics might conceivably produce a satisfactory response. 
This response, however, has been shown to vary in relation to known 
factors, such as digitalization and excess or deficiency of chloride ions 
or sodium ions." It is our opinion that until these factors become 

1. I^Iarvin, H. IM.: The Value of the Xanthine Diuretics in Congestive Heart 
Failure, J. A. M. A. 87:2043 (Sept. 25) 1926. 

2. (c) Keith, N. M., and Whelan, M. : A Study of the Action of Ammonium 
Chloride and Organic Mercury Compounds, J. Clin. Investigation 3:149, 1926. 
(b) Blumgart, H. L.; GiUigan, D.-, Levy, R. C., and Brown, M. G.: The Effects 

(Footnote continued on next page) 
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stabilized, any accurate survey of diuretic action must be open to 
question. 

The present work has been restricted to the use of diuretics in 16 
patients who were followed during a period which ranged from three 
weeks to one hundred and twelve weeks. Initially, of course, each 
patient had been in a state of advanced congestive heart failure. Further- 
more. the condition of each patient was first controlled by the use of 
digitalis, ammonium salts and mercurial diuretics until all gross evidence 
of clinical edema was either entirely absent or minimal to the extent 
that the administration of a diuretic did not produce any further con- 
spicuous drop in the average weight level of the patient, as could be 
seen on the daily weight chart. This state we have conveniently 
designated the “state of balance” (fig. 1). Figure 1 demonstrates 
clearly that if a given patient has received a series of injections of 



Fig. 1. — Weight chart of a patient with hydropic cardiac disease, showing 
achievement of a “state of balance,” a condition in which the administration of a 
diuretic will not produce any further conspicuous drop in the average weight level. 

mersalyl solution (2 cc.) at any chosen interval (e. g., four days apart) 
and the average resultant loss of weight recorded on the chart indicates 
that a uniform diuretic response is being obtained from these successive 
treatments, it can be considered that this patient has reached a “state 
'of balance.” This so-called “state of balance” must not be confused 
with the. “basal level,” or edema-free state, in which a diuretic is no 
longer capable of producing a response as indicated by the weight chart 

of Diuretics on Water and Salt Metabolism, Tr. A. Am. Physicians 47:304, 1932. 
(c) Ethridge, C. B. ; Myers, D. W., and Fulton, M. N. : Modifying Effect of 
Various Inorganic Salts on Diuretic Action, Arch. Int. Med. 57:714 (April) 
1936. (rf) Herrmann, G., and Decherd, G. M., Jr.: Further Studies on' the 
Mechanism of Diuresis with Especial Reference to the Action of Some of the 
Newer Diuretics, J. Lab. & Clin. Med. 22:767, 1937. 
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(see right side of figure 1). This point will be taken up more fully in 
a future publication. 

W'Q hoped that for a gi^'en agent the average of any three or four 
successive diuretic effects obtained during such a “state of balance 
could be considered to be a more or less typical response foi that drug 
at the selected dose. A different diuretic or a different dose of the first 
diuretic could then be given at the same interval, so that the two 
responses could be compared directly. In this way the average loss in 
weieht could be assumed to be an accurate inde.v of the diuretic com- 
parability of any two drugs in a given patient. In order to be sure that 
the patient continued to respond to the same degree as before, a period 
of observation with the original drug at its first dose followed the trial 
of the second diuretic or the second dose, so that once again a direct 
comparison was obtained. 

The diuretic effects which were noted in these patients before the 
establishment of this control period, i. e., “state of balance,” have been 
omitted from this survey because the value of these observations was 
mitigated by some of the objections just mentioned. Hence, of a total 
of six hundred and ninet}'- three separate injections of the various 
diuretics which were administered to these 16 patients, the results from 
but two hundred and seventy-eight injections were considered sufficient 
to serve as an accurate index of the diuretic response. 

In checking the literature it was noted that in some of the experi- 
mental studies on the effect of diuretics on animals a pattern somewhat 
similar to that adopted here was followed.^ For instance. Bliss and 
jMorrison ^ stated : “It should be understood that the drugs were not 
administered until long observ^ation had established that the rabbits were 
in good balance as determined by intake, output and weight.” 

At the inception of this study mersalyl solution (2 cc.) was routinely 
employed in all cases. Occasionally, in cases in which the edema was 
refractory, a trial of mersalyl solution in a larger dose (4 cc.) was dared 
in hopes of a better response. However, anxiety over the possible toxic 
effects prompted the acceptance of the suggestion of Swigert and Fitz 
that a smoother diuresis can be obtained when a mercurial diuretic is 
given in smaller and more frequent doses. Accordingly, in some cases 

3. (fl) DeGraff, A. C; Batterman, R. C, and Lehman, R. A.: Influence of 
Theophylline upon Absorption of Mercupurin (Novurit) and Salyrgan (Mercury 
Preparations) from Site of Intramuscular Injection, J. Pharmacol. & Exper. 
Therap. 62:26, 1938. (6) DeGraff, A. C.; Batterman, R. C; Lehman, R. A.] 

and Yasuna, E, : Excretion of Mercury Following Administration of Mercurial 
Diuretics With and Without Theophylline, Proc. Soc. Exper. Biol. & Med. 39: 
250, 1938. (c) Ethridge, Myers and Fulton.^' 

4. Bliss, A. R., and Morrison, R. W. : A Comparative Study of Certain Xan- 
thine Diuretics, J. Tennessee M. A. 25:387, 1932. 

5. Swigert, V. W., and Fitz, R.: The Effect of Afersalvl (Salyrgan) on 
Plasma Volume, J. A. 5^1, A. 115:1786 (Nov. 23) 1940. 
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mersalyl solution was injected in doses of 1 cc. and even in doses as 
low as 0.5 cc. In many instances we administered some of the newer 
diuretics, such as mersalyl-theophylline solution (2 cc.), by injection 
and also orally and rectally. Finally, mersalyl solution combined with 
theophylline with ethylenediamine (7^4 grains [0.5 Gm.]) and theophyl- 
line with ethylenediamine alone (7l4 grains) were employed. 

RESULTS 

In the construction of figure 2 the average loss of weight from the 
use of a given diuretic was compared in each patient with the average 
loss of weight following each of the other diuretics. The comparative 
effect of each diuretic which is represented on the chart does not indicate 
the actual total average diuresis (loss of weight) but demonstrates the 
i-elative efficiency of each drug compai-ed with the other diuretics studied. 
All these calculations are based on the average loss of weight. The 
maximum diuretic response (in pounds) is represented in each patient 
by 100 per cent, so that a score of 100 indicates that a given agent 
produced a diuretic response as high as or higher than that of each of the 
other drugs in every case in which it was used (fig. 2). 

The maximum diuretic effect in this group was obtained by some- 
what varying modes of administration. It was found that an equal 
diuretic effect (100 per cent) was produced, first, by administering 
mersalyl solution in one large dose of 4 cc. and, second, by giving a 1 cc. 
dose of mersalyl solution one hour after an injection of theophylline 
with ethylenediamine (7^^ grains). It may be of interest to note that 
the greatly enhanced diuretic effect from the latter method of adminis- 
tration was accidentally discovered in a patient who had been given 
theophylline with ethylenediamine (7^4 grains intravenously) during an 
attack of paroxysmal dyspnea. By chance he was given the routine dose 
of mersalyl solution (1 cc. intramuscularly) one hour later. The loss of 
weight noted on his chart the next day revealed an unusual degree 
of diuresis. During subsequent obsen^ations the same effect was con- 
firmed in this patient and in others. In each case, as can be seen on 
the chart (fig. 2), this method produced the greatest degree of diuresis. 
As a natural sequence the same combination of drugs, viz. mersalyl 
solution (1 cc.) and theophylline with ethylenediamine (7l4 grains), 
was administered simultaneously in one syringe, but it did not produce 
as great a degree of diuresis as that resulting when the drugs were given 
one hour apart (fig. 2). An increased dose of mersalyl solution (2 cc.) 
failed to alter this result. In fact, the results obtained from the 
simultaneous injections (65.2 per cent) were not so great as the diuretic 
effect produced by mersalyl solution in 2 cc. doses alone (87.7 per cent), 
though they were superior to the diuresis produced by mersalyl solution 
in doses of 1 cc. (58 per cent). 
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Although the effect of mersalyl solution in high doses (4 cc.) is as 
great as the diuretic response obtained from mersalyl solution (1 cc.) 
and theophylline with ethylenediamine (7^ grains) given in separate 
injections (100 per cent), the obvious difference in the quantity of 
mercury in the two doses (4:1) undoubtedly makes the frequent use 
of mersalvl solution in such a great dose hazardous. In fact, accoiding 
to the work of Barbour “ on rabbits and that of Johnstone and Keith ‘ 


^ 100 '- ' 


Tlicopliyllinc with elhyleiicdianiiiic GVi grains) 
followed after one hour by mersalyl solution 
(40 niR. Hr) 1 ce. 


Mersalyl solution (160 mg. Hg) 4 cc. 


Mersalyl solution (80 mg. Hg) 2 cc. 


tV? •. Mersalyl sohition (40 mg. Hg) 1 cc. administered simultanc- 

ously with theophylline with 


ethylenediamine (7K’ grains) 


J'icrsalyl solution (80 mg. Hg.) 2 cc. administered simultanc- 
'‘7oTut?.TuWN!N7Ti'i ously with theophylline with ethylenediamine (7J/’ grains) 



grains of theo- 


7 Mersalyl solution (40 mg. Hg) 1 cc. 



Mcrs.alyl solution (20 mg. Hg) 0.5 cc. 




Theophylline with ethylenediamine (7)4 grains) 


Mersalyl solution (80 mg. Hg) with theophylline (40 mg.) given orallv; also 
mersalyl solution (160 mg. Hg.) with theophylline (157 mg.) given rcctally. 

Fig. 2. — Comparison of the relative efficiency of the diuretics studied. A score 
of 100 per cent indicates that a given agent produced a diuretic response as high 
as or higher than that of each of the other drugs in every case in which it was 
used. 


6. Barbour, H. G.: Afercuric Chloride Poisoning in Animals Treated Unsuc- 
cessfully by Parenteral Administration of Hall’s New Antidote J A At A 
64:736 (Feb. 27) 1915. 

7. Johnstone, B. I., and Keith, H. At. : Toxicity of Novasurol (Aterbaphen) : 
Its Action on the Kidney of the Rabbit, Arch. Int. Ated. 42:189 (Aug.) 1928. 
Keith, H. At., and Johnstone, B. I.: The Action of Aterbaphen (Novasurol) on 
the Kidney of the Dog: A Combined Functional and Pathologic Studv ibid 
44:438 (Sept.) 1929. 
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on dogs, the lethal dose of merbaphen for a man weighing 70 Kg. was 
theoretically calculated to be 6 cc. of a 10 per cent solution. 

In order to clarify the representation of these diuretics on the chart, 
which is on a percentage basis, a few examples of actual average loss 
of weight per injection are cited. Mersalyl solution (1 cc.) injected 
intramuscularly one hour after the intravenous administration of 
theophylline with ethylenediamine {7y^ grains) produced an average 
loss of weight of 5.9 pounds (2.6 Kg.), as against a loss of 3.1 pounds 
(1.4 Kg.) produced by mersalyl solution (1 cc.) alone or a loss of 3.5 
pounds (1.6 Kg.) produced by mersalyl solution (1 cc.) and theophyl- 
line with eth 3 denediamine (7^4 grains) given simultaneously. 

It should be emphasized that the “state of balance” which has been 
selected for this group of patients has set up a critical test for any given 
diuretic. Whereas reports in the literature ® indicated excellent diuretic 
results from oral and from rectal administration of mersalyl solution 
and niersal 3 d-theophylline solution, the results from the use of these 
agents in this survey can be considered negligible (25 per cent). We 
believe that a logical explanation for the favorable results reported 
may lie chiefly in the practice of evaluating diuretic results in patients 
with a large accumulation of edema. In our patients the use of theophyl- 
line with ethylenediamine {7y2 grains) intravenously almost invariably 
failed to produce a diuretic response of any consequence (30 per cent). 
This seems to indicate that in this group of patients, in whom a 
relatively small quantity of edema remained, theoph 3 'lline with eth 3 dene- 
diamine had no direct diuretic action; yet in conjunction with mersal 3 d 
solution, which b 3 ’' itself was capable of producing a good diuresis in 
these very same patients, theoph 3 dline with ethylenediamine actually 
enhanced the diuretic effect of mersalyl solution. 

It can readily be seen on the chart that mersalyl-theophylline solution 
(2 cc.), which at this time is the only commercially available preparation 
containing mersalyl, produced a decidedly inferior diuretic response in 
this group of patients (3.03 pounds [1.3 Kg.] per injection). In fact, 
although this solution was given in a 2 cc. dose, the result produced (58 

8. Fulton, M. N. : Mercurin Suppositories as a Diuretic in the Treatment of 
Edema, New England J. Med. 214:1092, 1936. Parkinson, J., and Thomson, 
W. A. R. : A Mercurial (Novurit) Suppository as a Diuretic for Cardiac Edema, 
Lancet 1 : 16, 1936. Brightman, I. J., and Batterman, R. C. : The Treatment of 
Edema by Rectal Administration of Diuretics, J. Lab. & Clin. Aled. 25:1038, 1940. 
Brightman, 1. J., and Lehman, R. A.; Experimental Study of Rectal Administra- 
tion of Afercurial Diuretics (in Suppositories), ibid. 25:56, 1939. Blackford, 
L. M. : Salyrgan-Theophylline by Alouth, Case of Congestive Heart Failure, 
J. AL A. Georgia 29:397, 1940. Claiborne, T. S., and Logue, R. B.: Use of 
Sal}Tgan-Theophylline Suppositories in Congestive Heart Failure, ibid. 29:399, 
1940. Flexner, J. : Afercurial Suppository as a Diuretic, Ann. Int. Afed. 11:1962, 
1938. Ethridge, Alyers and Fulton.^'" Herrmann and Decherd.^'* 
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per cent) merely equals that produced by mersalyl solution given alone 
in a 1 cc. dose (57.7 per cent). 

For some time ve have been at a loss to explain this puzzling 
clinical phenomenon. However, the clinical observations of ei mei 
and Zak (1925),” confirmed in 1926 by the experimental work of 
Frohlich and Zak.^” demonstrated that xanthines increased the perme- 
ability of the body tissues. In 1938 DeGraff, Batterman and Lehman 
showed conclusively that both mercupurin and mersalyl solution with 
theophylline are absorbed almost completely within one hour after 
intramuscular injection and proved that the presence of theophylline 
influences the absorption of these mercurial diuretics to a marked extent. 
The same workers with an associate further proved that theophylline 
greatly increased the rate of urinary excretion of mercuin- after the 
injection of mercurin or mersalyl solution. The amount of mercury 
which ordinaril}’’ is excreted within six hours was increased 30 to 40 
per cent after intravenous injection and 100 to 300 per cent after intra- 
muscular injection. 

Hence, despite the fact that the effect of the mercurials may be 
enhanced by the more rapid absorption brought about by the use of 
theophylline, the final effect as shown in this survey seems to indicate 
that the more rapid rate of excretion of mercury which follows actually 
tends to shorten the period of diuresis. Thus, the action of theophylline, 
which at first glance may serve as a most useful adjunct in hastening 
the absorption of the mercurials, seems to have its beneficial action in 
respect to absorption moi'e than neutralized by an action in which it 
hastens excretion of the mercur}’^ through the urinary tract. Yet this 
does not explain the superlative diuretic effect obtained when mersalyl 
solution (1 cc.) is given separately, viz. one hour after the injection 
of theoph 3 dline with ethylenediamine (7^ grains). This last question 
must remain unanswered for the present. 

SUMMARY 

It is proposed that accurate clinical methods for the evaluation of 
mercurial and xanthine diuretics in patients with hydropic cardiac 
disease require a preliminary period of treatment until all grossly visible 
edema has disappeared. This disappearance has been determined from 
the strict use of the daily weight of the patient, and the resultant con- 
dition has been called by us a “state of balance.” 

In patients in this “state of balance” only the really effective diuretics 
are capable of producing a further diuresis. 

9. Wermer, P., and Zak, E. : Klinische Studien iiber die Wirkung von Diu- 
reticis auf Gewebe, Wien. klin. Wchnschr. 38:1177, 1925. 

10. Frohlich, A., and Zak, E. : Ueber medikamentose Beeinflussung der Gewebs- 
durchlassigkeit, Wien. med. Wchnschr. 39:493, 1926. 
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The following observations were made on 16 patients given a total 
of two hundred and seventy-eight injections: 

1. Injectable preparations in Avhich mersalyl solution was combined 
with theophylline or theophylline with ethylenediamihe were 
notably less efficient than pure mersalyl solution administered in 
similar doses. 

2. Oral and rectal modes of therapy which employed combinations 
of mersalyl solution and theophjdline produced little diuretic 
effect compared with that produced by injectable preparations 
administered to the same patients. 

3. Theoph 3 dline with ethylenediamine (734 grains) given intra- 
venously to patients in a “state of balance” did not produce any 
evident diuresis by itself. 

4. Finally, the greatest diuresis was produced by mersalyl solution 
(1 cc.) given intramusculaidy one hour after intravenous adminis- 
tration of theophylline with ethylenediamine (7)4 grains). A 
superior degree of diuresis resulted, which was equaled only by 
a dose of mersalyl solution alone containing four, times as much 
mercury, namely, 4 cc. 


2905 Franklin Avenue. 



HYPERACTIVE VASODEPRESSOR CAROTID 
SINUS REFLEX 

LOUIS H. SIGLER, M.D. 

BROOKLYN 

It has been demonstrated in recent years that blood pressure is 
automatically regulated by alterations in the intra-artei ial pressuie. 
This automatic regulation is maintained by a system of pressoreceptor 
innervations localized in different areas of the vascular tree. The most 
important areas of such innervations are in the aorta and. especially, 
in the carotid sinus regions. 

Because the carotid sinus regions have easily accessible nerve ter- 
minals and because they contain the most active pressoreceptors, these 
areas in man have been subjected to considerable investigation in 
recent years. 

It was the illuminating experimental work of Plering ^ which first 
demonstrated the presence of nerve connections between the carotid 
sinus regions and the medullary centers. He - was also the first to 
demonstrate the occurrence of a drop in pressure on stimulation of the 
carotid sinus. 

Hering found that in the adventitial coat of the pouched-out area 
of the internal carotid artery, at its junction with the external carotid, 
there are present sensoiy receptor end organs which terminate in char- 
acteristic menisci and emerge as spiral fibers which form the sinus 
nerve, bearing his name. The sinus nerve merges with the glosso- 
pharyngeal nerve, which reaches the medulla. According to Brau- 
ecker,^ in some animals aflCerent tracts from the carotid sinus region 
are found also in the vagus, the cervical sympathetic and the hypo- 
glossal nerves, and the end organs of such tracts are not confined 
strictly to the carotid sinus but are found also in the adjacent portion 
of the common and the external carotid artery. 

From the Cardiologic Service, Department of Medicine, Coney Island Hospital 
and Harbor Hospital. 

1. Hering, H. E. : Der Karotisdruckversuch, Miinchen. med. Wchnschr 70 - 
1287, 1923. 

2. Hering, H. E.: Die Karotissinusreflc.xe auf Herz nnd Gefiisse Dresden 
Theodor Steinkopff, 1927. 

3. Brauecker, W.; Das pressorezeptorische Nervensystem und seine prak- 
tische Bedeutung in der Chirurgie, Beitr. z. klin. Chir. 158:309, 1933. 
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In the medulla the afferent fibers make synaptic connections at the 
various areas, or so-called "centers,” with the efferent neurons which 
run in the s}mipathetic, vagal and respiratory nerve systems and which 
control the vasomotor tone throughout the body, the heart rate and 
the respiration. There are also synaptic connections of the afferent 
tracts from the carotid sinus with other regions of the brain, resulting 
in various other manifestations. These will be left out of the present 
discussion. 

Under normal conditions the carotid sinuses, together with the 
aortic depressor nerves, control the circulation by impulses set up 
as a result of arterial pressure changes within the vessels. A sudden 
spontaneous increase in pressure stimulates the receptor organs in 
these locations and sets up afferent impulses which enter the medullary 
region and result in vasodepression, cardioinhibition, some alteration 
in respiration, a decrease in the secretion of epinephrine, and so on, all 
of which result in a lowering of the blood pressure and slowing of the 
heart. A decrease in the intra-arterial pressure produces the opposite 
effects. 

The sinus nerves have a natural tonus which helps maintain the blood 
pressure and the cardiac rate at certain levels at all times. This is 
shown b}’’ the fact that if both nerves are cut some rise in pressure and 
acceleration of the heart will result. Basing his theory on these facts, 
Hering ^ postulated the possibility that essential hypertension might be 
due to absence of the depressor reflex of the carotid arteries and of the 
aorta. Koch and Mies ® and Heymans and Bouckaert “ produced pro- 
longed hypertension by bilateral denervation of the carotid sinus and 
section of the aortic depressor nerves. Tlieir finding was corroborated 
by Nowak and Walker," who produced hypertension which lasted about 
three years. 

At the present writing the question as to how much of a role the 
absence or the diminution of the activity of the sinus and the aortic 
nerves plays in the pathogenesis of hypertension has not been answered. 
Heymans. Bouckaert and Regniers ® in a complete review of the subject 

4. Hering, H. E. : Die klinische Bedeutung der Carotissinusreflexe, Med. Klin. 
23:155, 1927. 

5. Koch, E., and Mies, H. : Chronischer arterieller Hochdruch durch Dauer- 
ausschaltung der Blutdruckzugler, Krankheitsforschung 7:241, 1929. 

6. He 3 TOans, C., and Bouckaert, J. J. : Observations chez le chien en hyper- 
tension arterielle chronique et experimentale, Compt. rend. Soc. de biol. 106 : 471, 
1931. 

7. Nowak, B. I., and Walker, I. J. : Experimental Studies Concerning the 
Nature of Hypertension, New England J. Med. 220:269, 1939. 

8. Heymans, C. ; Bouckaert, J. J., and Regniers, P. : Le sinus carotidien et la 
zone homologue cardio-aortique, Paris, Gaston Doin & Cie, 1933. 
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up to 1933 expressed the opinion that it plays a part in most cases. 
In some cases the sensitivity of the vasomotor center to such factors 
as carbon dioxide, increased Itydrogen ion concentration (which may 
also act reflexly on the center) and ischemia is the cause. In others, 
those of the so-called “white hypertensives,” to quote Volhard, some 
humoral substance freed from the kidney is responsible. In some cases 
all these factors may be at play. 

j\Iore recently, since the work of Goldblatt and co-workers,” the 
theory of the renal origin of hypertension has assumed the greatest 
prominence. It is applied not merely to the “white hypertensives” of 
\mlhard but to essential hypertension as well. 

If hypertension is caused by the absence or diminution of activity of 
the carotid sinus reflex, hypertensive patients theoretically should show 
little or no drop in pressure on stimulation of the carotid sinus. This has 
not been found to be the case. On the contraiy, Koch in testing 50 
subjects found that a drop in pressure occurs more frequently in hyper- 
tensive than in normal persons. He and Hering also observed that the 
drop in pressure is not always caused b}’’ slowing of the heart, which 
occurs at the same time, for by injection of atropine sulfate the cardio- 
inhibitory reflex may be abolished, while a drop in pressure will still 
occur on carotid sinus stimulation. This observation was also made 
by Weiss and Baker,“ Mandelstamm and Lifschitz and other authors. 

To explain the occurrence of an accentuated vasodepressor reflex 
in cases in which it should actually be absent, Heymans and co-workers 
as well as Hering and other authors postulated the theory that in such 
cases the pressoreceptor terminals in the adventitia become insensitive 
to changes in intrasinal pressure, which results in hypertension. On 
the other hand, the same terminals become more sensitive to external 
compression because of sclerosis of the carotid arteries. For this reason, 
vasodepression occurs more frequently in carotid artery sclerosis asso- 
ciated with hypertension. 

Comparatively small series of clinical cases in which the vasode- 
pressor effect of the carotid sinus reflex has been studied are recorded 
in the literature. For this reason the following study of 700 cases in 

9. Goldblatt, H. ; Lynch, J. ; Hanzal, R. F., and Summerville, W. N. : The 
Production of Persistent Hypertension in Dogs, Am. J. Path. 9:942, 1933. 

10. Koch, E. : Ueber den depressorischen Gefassreflexe beim Karotisdruck- 
versuche am Menschen, Miinchen. med. Wchnschr. 71:704, 1924. 

11. Weiss, S., and Baker, J, P.; The Carotid Sinus Reflex in Health and 

Disease: Its Role in Causation of Fainting and Convulsions, Medicine 12*298 
1933. ‘ ’ 

12. Alandelstamm, AI., and Lifschitz, S.: Die Wirkung der Karotismusreflexe 
auf den Blutdruck beim Alenschen, Arch. f. inn. Med. 22:397, 1932. 
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which the test was carried out is recorded. The study includes an 
analysis of the frequency and the degree of occurrence of this reflex 
in the two sexes, at various ages and at various levels of blood pressure. 
A comparative study was also made of the frequency and the degree 
of cardioinhibition in relation to vasodepression. 

MATERIAL AND METHOD OF STUDY - 

The patients studied were ambulatory office patients. Most of them presented 
evidence of some degree of cardiovascular disease. Many, however, were free 
from such disease. 

The patients were divided into four groups. In group I were placed persons 
whose blood pressure was within the normal range, being less tlian 150 systolic 
and 90 diastolic; in group II, patients with low grade hypertension, the systolic 
pressure ranging between 151 and 175 and the diastolic between 91 and 105; in 
group III, patients with moderate hypertension, the systolic pressure being between 
176 and 200 and the diastolic between 105 and 125, and in group IV, patients with 
marked hypertension, the systolic pressure being over 220 and the diastolic over 125. 

In each case the heart rate and the blood pressure were determined just before 
the test was done. In many cases in which there was a pronounced spontaneous 
fluctuation in blood pressure, described in a previous communication,’^® two or three 
determinations were done before the test, and the lowest reading was used for 
comparison. 

The test was performed with the patient in the sitting posture. Gradual pres- 
sure was applied first to the right carotid sinus region, and the results recorded, and 
then to the left carotid sinus region. If the patient exhibited marked cardioinhibi- 
tion with stoppage of the heart, the stimulation was discontinued momentarily and 
then continued in gradual stages. I found that with this procedure, cardioinhibition 
if not extreme would soon subside, and the heart rate would return to normal or 
even accelerate. The blood pressure, however, would drop to its lowest level later, 
on continued carotid sinus stimulation. The object of abolishing cardioinhibition 
was to eliminate the factor of slowing or stoppage of the heart itself as a possible 
cause for the fall in pressure. 

The lower of the two readings of the blood pressure, obtained on stimulation 
of the right or of the left carotid sinus, was used for comparison with the original 
reading, obtained just before the test was performed, and the percentage difference 
calculated. 

The patients were divided into groups according to sex and again according to 
age. The degree of cardioinhibition was designated by plus marks as follows; 

1 plus if slowing was less than 10 per cent of the original rate, 2 plus for 10 to 30 
per cent slowing, 3 plus for 30 to 70 per cent slowing and 4 plus for stoppage 
of the heart for at least three seconds. If no slowing occurred the designation 
was a zero mark. The findings are shown in the accompanying tables and charts. 


ANALYSIS OF FINDINGS 

General Observations . — The eflFects of stimulation of the carotid sinus 
were slowing or stoppage of the heart, a drop in pressure and various cere- 
bral and other manifestations described by previous authors, notably Weiss 

13. Sigler, L. H. : Spontaneous Nonrhythmic Variations in the Blood-Pressure 
Levels and in the “Silent Gap,” Am. J. M. Sc. 177:494, 1929. 
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and Baker ” and Ferris, Capps and Weissd'^ There was a pronounced 
variation in the incidence and in the degree of response of each of these 
components of the reflex. Some patients showed only, or mainly, a 
greater or less degree of cardioinhibition, others vasodepression and 
still others cerebral or other manifestations. There was also a decided 
difference in response on stimulation of the Uvo carotid sinuses. Thus 
in some patients there was marked cardioinhibition with no drop in 
pressure or other manifestations with stimulation on one side and no 
cai-dioinhibition but a pronounced drop in pressure with stimulation 
on the other side, and so on. 

Tile response varied to some extent with the position of the patient. 
.\ greater response usually occurred with the patient in the upriglit 
jiosture than with him in the dorsal recumbent position. 

Cardioinhibition if present occurred before any other manifestations, 
'fhe percentage of patients showing cardioinhibition in this series was 
al)out tlie same as in my scries previous!}’ reported.^" If a drop in blood 
]ircssurc occurred, it commenced soon after stimulation started, and the 
maximum drop would develop in four to fifty seconds. The force and 
the duration of stimulation necessary to accomplish the maximum 
drop in pressure varied with different patients. The blood pressure 
returned to the original level in one-half to three minutes after stimula- 
tion was discontinued. Regniers found the maximum duration of the 
drop in pressure after stimulation was stopped to be about two minutes. 

In those patients who presented other manifestations of the reflex, 
such as dizziness, fainting, unconsciousness or the milder disturbances, 
such manifestations would occur at about the time when the blood 
pressure reached its lowest level or a little later. 

Patients who presented marked cardioinhibition had, of course, a 
drop in pressure as a result of slowing or stoppage of the heart. In 
many the pressure would return to nearly the original level after cardio- 
inhibition subsided, and on continuation of the stimulation the blood 
pressure would again drop. When a patient exhibited dangerous 

14. Ferris, F. B. ; Capps, R. B., and Weiss, S. : Carotid Sinus Syncope and Its 
Bearing on the Mechanism of tlic Unconscious State and Convulsions, Medicine 
14:377, 1935. 

15. Sigler, L. H.: Clinical Observations on the Carotid Sinus Reflex: I. The 
Frequency and the Degree of Response to Carotid Sinus Pressure Under Various 
Disease States, .A.m. J. M. Sc. 186:110, 1933; II. The Response to Carotid Sinus 
Pressure at Various .Ages and Heart Rates and Rhythms, ibid. 186:118, 1933; 
Further Observations on the Carotid Sinus Reflex, Ann. Int, Med. 9:1380, 1936; 
Hyperactive Cardioinhibitory Carotid Sinus Reflex: A Possible Aid in the Diag- 
nosis of Coronary Disease, Arch. Int. Med. 67:177 (Jan.) 1941. 

16. Regniers, P. : Le sinus carotidien cn clinque, Rev. beige d. sc med 2*207 

1930. ■ • • * 



988 


ARCHIVES OF INTERNAL MEDICINE 


cerebral manifestations, the stimulation had to be discontinued before 
the lowest blood pressure was obtained. 

Compressing the common carotid arteries below the bifurcation 
resulted in a rise in pressure in many of the normal and hypertensive 
subjects. This observation corroborates the findings of Gammon. 

The Incidence and Degree of Response in the Various Blood Pressure 
Groups, in the Two Sexes. — Of the 700 patients, 447 were males and 
253 females. Of these, 393 males and 203 females showed a drop in 
blood pressure on stimulation of the carotid sinus. The balance, 54 males 
and 44 females, did not show any drop. Of this balance, 33 patients 
showed a rise in pressure. An occasional rise in pressure instead of a drop 

PERCENTAGE 
100 - 

90 * 

80 - 
TO- 
GO- 
50 ' 

40 - 
30 - 
20 - 
10 - 


^ SOSO SOSO SOSO SD5D SOSO 

MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE 

GROUP I GROUP II GROUP III GROUP IV AVERAGES 

Fig. 1. — The incidence and the degree of drop in blood pressure on stimulation of 
the carotid sinus in 700 patients, expressed in the percentage of patients responding 
among males and among females in the four groups designated in table 1. Each 
whole bar represents the total number of patients responding. Each longitudinal 
semibar represents a systolic {S) or a diastolic (/?) response. In the subdivisions 
of a semibar the degree of drop in blood pressure is represented as follows: less 
than 10 mm., diagonal lines; 10 to 25 mm., crosshatching; 25 to 50 mm., vertical 
lines, and over 50 mm., horizontal lines. 

was also observed by Daniel opolu and Radovici,^® Marinesco and 
Kreindler and other observers. 

17. Gammon, G. D. : The Carotid Sinus Reflex in Patients with Hypertension, 
J. Clin. Investigation 15:153, 1936. 

18. Danielopolu, V., and Radovici, A. : Bewegungen des Unterkorpers, her- 
vorgerufen durch der peripheren Vagusender, nach Durchschneidung des Riicken- 
markes, Klin. Wchnschr. 6:942, 1927. 

19. Marinesco, G. ; Kreindler, A., and Bruch, A. : Weitere Beitrage zum Studium 
der Reflexe des Sinus Caroticus in der Epilepsie, Ztschr. f. d. ges. exper. Med. 
79:333, 1931. 



'aisle l.—Iucidcucc and Dajcrcc of Drol> in Blood Brcssinr on Stimulation of the Carotid Sinus .dinnnft Males and Females Divided in Pour Groups 
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* Group I, normal blood pressure, less than 150 mm. .systolic and PO mm. dlastolle; Kroiip II, low grado hyportcn.sioii, pro.«sures of 151 to 175 mm. systolic and 91 to 105 min. diastolic; 
group Iir, moderate hypertension, pressures of 170 to 200 mm. systolic and 105 to 125 mm. iliastolie, and group IV, marked liypertension, pressures over 200 mm. systolic and over 125 
mm. diastolic. 
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Table 1 and figure 1 show the incidence and the degree of drop in 
pressure on stimulation of the carotid sinus in the two sexes and in each 
of the blood pressure groups as well as the total for all groups. Most 
subjects responding had a drop in both the systolic and the diastolic 
pressure. In some, however, there was a drop either in the systolic 
or in the diastolic pressure alone. 

It will be noted that the incidence of response was relatively greater 
in males than in females. This variation was also observed by Koch.^° 
Instead of no drop or a diminished drop in pressure, the drop was 



Fig. 2. — The percentage incidence of response at various ages in the four blood 
pressure groups designated in table 1 and the average for the four groups. The 
heavy solid lines represent the total number of patients that responded; the thin 
solid lines, the number giving a systolic response, and the broken lines, the number 
giving a diastolic response. In each blood pressure group ages are signified as 
follows : a, 20 years or less ; b, 21 to 30 years ; c, 31 to 40 years ; d, 41 to SO years, 
and <?, over SO years. 

actually greater in hypertension. This observation corroborates the 
findings of Koch,^** Lian, Stoicesco and Vidrasco,-” Mandelstamm and 

20. Lian, C. ; Stoicesco, S., and Vidrasco, G. : De I’etat du systeme nerveux 
vegetatif dans I’hypotension et I’hypertension arterielle permanente, Presse med. 
37:1309, 1929. 
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Tho blood pressure groups are the same ns those designated in table 1. 
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Lifschitz and others. In fact, my findings indicate that the higher 
the original blood pressure the greater the incidence of drop. A drop 
occurred more often in the S3'stolic pressure than in the diastolic in all 
blood pressure groups in both males and females. 

The incidence of response in this series was somewhat greater than 
in the series of 128 cases studied by Weiss and Baker and the 335 
cases studied by Mandelstamm and Lifschitz.^- In the latter series 



lOOi 
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80 

GROUP 6® 

IV 50^ 

40 
SO- 
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0 

Fig. 3. — The degree of response in the various blood pressure groups at given 
ages, as illustrated in figure 2. Under each age group 5’ stands for a systolic and 
D for a diastolic response. Representing the percentage of patients responding, the 
black sections signify a drop in pressure of less than 10 mm. ; those with horizontal 
lines, a drop of 10 to 25 mm.; those with crosshatching, a drop of 25 to 50 mm., 
and those with vertical lines, a drop of over 50 mm. 



tlie smaller incidence was probabty due to the fact that the authois 
did not include among the responsive subjects those with a drop in 
pressure of less than 10 mm. 

The degree of response, measured in millimeters of drop in pressure, 
also varies tvith the blood pressure group and with sex. Usually, the 
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higher the original blood pressure the greater the drop. Thus, in the 
group with normal blood pressure and in the group with low grade 
hypertension a relatively greater number of patients showed a drop of 
less than 10 mm. than in the groups with higher grades of hypertension. 
In the last-mentioned groups a relatively greater number showed the 
higher degrees of drop in pressure. Comparatively few subjects in 
the normal group and in the group with low grade hypertension showed 
a drop of over 50 mm. In the group with the higher grades of hyper- 
tension, on the other hand, the percentage showing such a drop was 
great. In general, females showed a lesser degree of drop than did 
males in all groups. 

The Age Incidence and Degree of Response. — In the course of this 
study it was found that there is a definite increase in frequency and in 



Fig. 4. — The percentage incidence of drop in blood pressure in relation to cardio- 
inhibition in each blood pressure group and the average for all groups. The heavy 
solid lines represent the number of patients that responded; the thin solid lines, the 
number giving a systolic response, and the broken lines, the number giving a diastolic 
response. The pulse marks have the same significance as those employed in table 4. 
The blood pressure groups are the same as those designated in table 1. 

degree of response as age advances. I found no reference to this fact 
in the literature. 

Tables 2 A and 3 A and figure 2 show the incidence of response 
among the 700 patients according to age and blood pressure grouping 
and the average for all patients. 

It will be seen that in each blood pressure group the percentage 
of patients responding was lower at the younger ages and increased as 
age advanced. This observation'applies both to the patients who showed 



Table 4.— Incidence and Degree of Drop in Blood Pressure in Relalion to Degree of Cardioinliihilion in Pour Blood Pressure Groups 
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* The blood pressure groups are the same as those designated in table 1. 

t The degrees of cardioinbibition are represented by the following symbols: 0, no slowing of the lieart; -f-, less than in i)er rent slowing; ++, 10 to ."0 per cent slowing; +++. 30 to 
70 per eent slowing, and ++++, stoppage of the heart for three sceonds or more. 
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a combined systolic and diastolic drop and to those who showed a drop 
of either the systolic or the diastolic pressure alone. The higher the 
original blood pressure the greater the incidence of the drop in all age 
groups but particularly in the older groups. 

The degree of response likewise increased with advancing age, as 
shown in tables 2 B and 3 B and figure 3. It varied with the extent 
of the original blood pressure, however. In the group with normal 





Fig. 5. — The degree of cardioinhibition in relation to the degree of fall in blood 
pressure. The plus marks have the same significance as those employed in table 4. 
The blood pressure groups are the same as those designated in table 1. The 
sectional subdivisions representing the^ degrees of drop in blood pressure are the 
same as those employed in figure 3; 3" signifies systolic blood pressure, and D 
signifies diastolic blood pressure. 


blood pressure a relatively greater number of patients showed a low 
degree of drop in pressure at all ages. As the blood pressure rose, 
the degree of drop increased in every age group, but the increase was 
always greater at the older ages. 
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The Relation of the Vasodepressor to the Cardioinhibitory Reflex. 

As said before, the vasodepressor and the cardioinhibitory reflex may 
coexist in the same or in different degrees in the same person; both 
may be absent, or each may occur alone. The incidence of their coexis- 
tence and the degree of the two reflexes are shown in tables A A, AB, 
5 A and 5 B and in figures A and 5. 

It ^yill be noted that a good proportion of patients who showed no 
cardioinhibition had the vasodepressor reflex. The degree of drop in 
pressure in such patients was on the average relatively smaller than 
in those who also showed cardioinhibition. Also, a fairl}^ large proportion 
of patients who showed no vasodepression showed cardioinhibition. In 
these persons, however, the very high degree of cardioinhibition were not 
obsen'^ed except in the group with normal blood pressure. 

In general, the greatest number of patients showing cardioinhibi- 
tion also showed vasodepression, and the degrees of the two reflexes on 
the whole corresponded. 

COMMENT 

It is not m)^ intention in this paper to prove or disprove Hering’s 
theory that hypertension may be caused by absence of the vasodepressor 
reflex of the aortic nerves and the carotid sinuses. Mannaberg’s 
contention that he found no slowing of the heart in his series of 241 
h}^pertensive patients, which is offered as proof that the carotid sinus 
sensor}^ receptors are insensitive to endarterial pressure, cannot be 
definitel}'’ substantiated. In my series the average heart rate was about 
the same in the normal as in the h)^pertensiA'^e subjects. Also, the finding 
b)'^ Hering and others that diminution in the endosinal pressure due to 
compression of the common carotid arteries failed to raise the blood 
pressure in hypertensive patients, as it would be expected to do if the 
carotid sinus nerve terminals had normal function, could not be sub- 
stantiated in Gammon’s cases and in some of the cases in which I 
tried it. 

Regardless of whether or not insensitivity of the sinus regions and 
the aortic depressor nerves is the cause or one of the causes of essential 
hypertension, and especially if it is the cause, the mechanism of a hyper- 
active vasodepressor carotid sinus reflex has not as yet been explained. 
Why a hyperactive reflex occurs with great frequency and in a higher 
degree in hypertension and why its frequency and degree increase with 
an increase in blood pressure still call for an explanation, as do its 
increase with advancing age and its more frequent occurrence in males. 

That the hyperactive reflex is caused by an increase in local sensitivity 
of the nerve terminals because of degenerative changes in the carotid 


21. Mannaberg, J., cited Heymans, Bouckaert and Regniers.s 
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arteries is not conceivable. Also, that compression of the nerve terminals 
against a rigid calcified sclerotic intiina, as suggested by Sunder-Plass- 
mann,=^- may he the cause is possible only in a few cases, in which there 
is local calcification of the carotid artery. In the great majority of 
cases there are not enough local arterial changes which would provide 
greater resistance to compression of the nerve terminals than that offered 
by the spinal column, against which the carotid sinus is compressed in 
performance of the test. Furthermore, many patients with pronounced 
local sclerosis show no hyperactivity. The lack of a relationship between 
a hyperactive reflex and local sclerosis of the carotid arteries was best 
demonstrated in the autopsy material reported on by Keele."® Finally, 
tbe fact that the response is usually greater with the patient in the 
upright position than with him in the recumbent posture speaks against 
fixed local pathologic change in the carotid arteries as the cause for 
hypersensitivity. 

In the light of these findings, it must be assumed that a hyperactive 
vasodepressor carotid sinus reflex is due to changes in tlie synapses 
between the afferent and the efferent portions of the arc in the medulla 
or to localized changes in the vasomotor terminals of the vessels which 
make tliem lose their tonic effect reflexty. 

The unequal effect of the carotid sinus reflex on the blood pressure 
and pulse rate and in the production of other manifestations in the 
same person is most likely due to differences in the threshold of the cen- 
tral synapses and possibly also to differences in sensitivity of the 
various motor arms, as suggested by Weiss, Capps and Ferris.-^ The 
probability that variation in the number and in the sensitivity of the 
various nerve fibers leading from the carotid sinus to different regions 
in the medulla is to be considered. If. however, a response is due to 
sensitivity in the center rather than in the carotid sinus region, such 
an alternative cannot be definitely considered. The experimental work 
of Hatcher and Weiss is of interest in pointing to this conception. 
They found that a drug applied to the same area of the medulla may 
produce various motor effects depending on the state of the body. Dif- 
ferent drugs applied to the same medullary region under the same bodily 
conditions resulted in different responses, owing probably to a specific 
structural affinity of the drug for given synapses. They concluded that 

22. Sunder-Plassmann, cited by Heynians, Boiickaert and Regniers.s 

23. Keele, C. A.: Pathological Changes in Carotid Sinus and Their Relation 
to H 3 'pertension, Quart. J. Med. 2:213, 1933. 

24. Weiss, S.; Capps, R. B., and Ferris, E. B.: Syncope and Convulsions Due 
to a Hyperactive Carotid Sinus Reflex, Arch. Int. Med. 58:407 (Sept.) 1936. 

25. Hatcher, R. A., and Weiss, S. : Studies on Vomiting, J. Pharmacol & Exper 
Therap. 22:139, 1923. 
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there is considerable variation in the function of the brain centers not 
only in different persons but in the same person during different bodily 
states. 

If these hypotheses are true it may be concluded that a hyperactive 
vasodepressor carotid sinus reflex indicates an instability in the synapses 
of the medullary center or in the efferent arm of the arc, which under 
certain provocation results in loss of the vasodepressor effect. Persons 
who have this unstable state may react in the same way to reflex stimu- 
lation from any region of the body, as indicated by Ferris, Capps and 
Weiss.^® My report in this paper suggests that the instability becomes 
more marked as age advances and in the pathologic state of hypertension 
and is more prominent in males. The possibility is that local circulatory 
disturbances in the medulla or in the efferent endings of the vasomotor 
S3'stem in the Avascular tree caused by arteriosclerosis may be the under- 
lying factor, as this instability occurs under circumstances in which 
arteriosclerosis is apt to be present. In some persons it may be an 
inherent constitutional defect. 

SUMMARY AND CONCLUSIONS 

This paper covers a study of the vasodepressor effect induced by 
the carotid sinus reflex. Seven hundred patients were tested, most of 
whom had demonstrable cardiovascular disease. Of these, 447 were 
males and 253 females. 

The patients were divided into four groups according to the original 
hlood pressure. In group I were included subjects with normal blood 
pressure; in group II, patients ivith low grade hypertension; in group 
III, those Avith moderate hypertension, and in group IV those with 
marked hypertension. 

It was found that, roughl}^ about 88 per cent of the males and 82 
per cent of the females showed a drop in pressure. If a drop of less 
than 10 mm. is excluded as of insufficient significance, the response 
is reduced to about 78 per cent for males and 71 per cent for females. 
The response occurred more frequently and in greater degree in the 
older age groups. Also, the higher the blood pressure the more fre- 
quent the response and the greater its degree. A drop was more fre- 
quent in the systolic pressure than in the diastolic. A drop in pressure 
often occurred in patients without cardioinhibition but was mote fre- 
quent in those who also showed cardioinhibition. In such patients the 
frequency and the degree of vasodepression roughly corresponded to 
those of cardioinhibition. 

26. Ferris, E. B., Jr.; Capps, R. B., and Weiss, S.: Relation of the Carotid 
Sinus to the Automatic Nervous System and the Neuroses, Arch. Neurol. & 
Psychiat. 37:365 (Feb.) 1937. 
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There was a marked difference in response to stimulation on the 
two sides in many cases. The amount of stimulation required to produce 
the maximum response varied from case to case and with the position 
of the patient. 

The findings point to the existence of an inherent instability in the 
vasomotor system in persons who show a marked vasodepression induced 
Iw the carotid sinus reflex, which the test helps to demonstrate. The 
seat of this instability is either in the medullary synapses or in the vaso- 
motor terminals in the vascular tree. Arteriosclerosis is possibly one 
of the underlying predisposing causes of such instability, as evidenced 
by the fact that the reflex is most prevalent under circumstances in 
which arteriosclerosis is apt to occur, that is, when the patient is a 
man, is of advanced age and has a high degree of hypertension. 

255 Eastern Parkway. 
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ROENTGEN RAY TREATMENT OF 
HYPERTHYROIDISM 

MAYO H. SOLEY, M.D. 

Assistant Professor of Medicine and Pharmacology 

AND 

ROBERT S. STONE, M.D. 

Professor of Radiology 
SAN FRANCISCO 

Hypei'th 3 Toidism holds a unique position among the diseases properly 
falling into the field of internal medicine because, although its causation 
is unknown, an empiric treatment has been evolved that is satisfactory in 
the majority of cases. Except in certain situatipns, the factors that cause 
the thyroid to hyperfunction are obscure. Yet in most cases subtotal 
ablation of the thyroid relieves most of the symptoms. 

In the early years of the twentieth century, the roentgen ray frequenth- 
was employed as a means of destroying the thyroid, and evidences of its 
success are abundant.^ Its use became extensive at that time because 
of the high surgical mortalit 3 ^ However, since 1923 the preoperative 
preparation of patients with administration of iodine, and other measures 
has brought about a decline in surgical mortality.^ Consequently, at the 
present time in the major clinics of this countr 3 '- the mortality rate is from 

Read at the Twenty-Seventh Annual Meeting of the Radiological Society of 
North America on Dec. S, 1941. 

From the Divisions of Medicine and Radiology and the Thyroid Committee 
of the University of California Medical School and Hospital. 

The members of the Thyroid Committee are Dr. Henry H. Searls, Dr. Carl 
L. Hoag, Dr. H. G. Bell and Dr. Leon Goldman, of the Department of Surgery ; 
Dr. Karl B. Eichorn, of the Department of Pathology; Dr. Robert S. Stone, of 
the Department of Radiology; Dr. W. J. Kerr, Dr. Evelyn Anderson and Dr. 
Mayo H. Soley, of the Department of Medicine, and Dr. W. A. Reilly, 'of tlie 
Department of Pediatrics. 

1. Means, J. H., and Holmes, G. W. : Further Observations on the Roentgen- 

Ray Treatment of Toxic Goiter, Arch. Int. Med. 31:303 (March) 1923. Pfahler, 
G. E. ; Roentgen-Ray Treatment of Hyperthyroidism, Radiology 34:43-52, 1940 
(with comprehensive bibliography). Smith, A. D., and Stenstrom, K. W. : X-Ray 
Therapy in Diffuse Hyperplasia of the Thyroid, Tr. Third Internat. Goiter Conf. 
& Am. A. Study of Goiter, 1938, pp. 527-532. . 

2. Thompson, W. O. ; Taylor, S. G., Ill, and Aleyer, K. A. : Factors Influ- 
encing Operative Mortality in Exophthalmic Goiter, Ann. Int. Med. 8:350-359, 
1934. Thompson, W. O.; Taylor, S. G., Ill; Meyer, K. A., and McNealy, R. W.: 
Experiences in Treating Toxic Goiter in a Large Public Hospital, Ann. Int. Med. 
12:217-231, 1938. 
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0.5 to 2 per cent during the immediate postoperative period, although in 
many hospitals it still is several times the latter figure. Because of the 
reduction in surgical mortality, many of the foremost students in this 
country believe that subtotal thyroidectomy is the treatment of choice 
for hyperthyroidism and give little credit to roentgen ray therapy. 



Fig. 1. — ^Low power section of thyroid tissue from a patient cured of exoph- 
thalmic goiter by roentgen irradiation (patient died four years after treatment of 
a tumor of the brain). 


Roentgen rays have a profound effect not only on the smaller arterial 
vessels that supply the thyroid but on the acini and the supporting struc- 
tures of the gland. Figures 1 and 2 show sections of thyroid tissue from 
a patient who had had hyperthyroidism with a metabolic rate in the low 
plus thirty’s. After adequate roentgen ray therapy his metabolism had 
fallen to about — 30 per cent and his clinical symptoms had been relieved. 
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Four years later he died from a tumor of the brain. The thyroid tissue 
obtained at autopsy was firm and hard and weighed only a few grams. 
On microscopic examination it showed extensive fibrosis, destruction of 
the acini and intimal, subintimal and medial thickening of the smaller 
arteries. Probably the thyroids of most of the patients “cured” by 
roentgen ray treatment would present a similar appearance both grossly 



Fig. 2. — Higher magnification of tissue shown in figure 1. 


and histologically. Figures 3 and 4 show sections of thyroid tissue from 
a young girl with extremely severe hyperthyroidism. She had been 
treated intensively with roentgen rays up to six weeks prior to subtotal 
thyroidectomy as preparation for the surgical procedure. The tissue from 
this patient shows an earlier stage of destruction than that from the 
previous patient, but again there are pronounced fibrosis, destruction of 
much of the acinar tissue and thickening of the smaller vessels. The 
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sections from these 2 patients give evidence of the ability of roentgen rays 
to destroy hyperplastic thyroid tissue and demonstrate the changes that 
might be expected as a result of successful roentgen ray therapy. 

The following study was undertaken because of the neglect of roent- 
gen ray therapy in recent years. Certain definite purposes were kept in 
mind : first, to determine as far as could be done by clinical examination 



Fig. 3. — Section of thyroid tissue from a patient who received extensive irra- 
diation to the thyroid (two courses) up to six weeks before subtotal thyroidec- 
tomy. This patient received irradiation preparatory to surgical treatment. 

and laboratory tests whether or not subtotal destruction of the thyroid 
could be achieved and if it could be what dosage was necessary ; secondly, 
to outline criteria for the selection of patients for whom roentgen ray 
therapy might be the treatment of choice, and, thirdly, to present a series 
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of patients who were followed carefully by one observer over a period of 
several years. (The method of following patients is illustrated in 
table 1.) 

All the patients in our relatively small series of 43 ^ had unquestioned 
hyperthyroidism. The selection was carried out in part by the members 
of the Thyroid Committee of the University of California Hospital. This 



Fig. 4. — Higher magnification of tissue shown in figure 3. Note the fibrosis 
and change in blood vessels. 

committee consists of a group of internists, surgeons, roentgenologists 
and pathologists particularly interested in diseases of the thyroid. It has 

3. These comprised only the group seen in the clinic. A total of over 200 
patients, both clinic and private, were seen by the members of the Thyroid Com- 
mittee during the last twelve years ; however, they were not followed in a manner 
that Avould allow an adequate and objective appraisal of the ability of roentgen 
rays to achieve a subtotal destruction of hyperplastic thyroids. 
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been in existence since 1929 and meets once a week to discuss problem 
cases and to guide the therapy of all clinic patients at the University of 
California Hospital. In the choice of patients for roentgen ray therapy, 
the following criteria were applied: 1. Only patients who were moder- 
ately ill with hyperthyroidism were chosen ; patients about whom there 
was doubt were excluded, and very toxic patients were excluded when- 
ever possible. 2. Patients without complications, such as rheumatic heart 
disease with mitral stenosis, were preferred. 3. As soon as it had been 
proved that patients with nodular goiter could be “cured” by treatment 
with roentgen rays, other such patients were omitted from this series. 
Thereafter only those patients were included who had had undoubted 
exophthalmic goiter and had a postoperative recurrence as a result of 
which the thyroid felt nodular on palpation but who, according to our 
experience with similar patients, probably did not have true or encap- 
sulated adenoma. 4. The breadwinner of a family was not chosen for 
roentgen ray therapy unless the disease was of such a degree of severity 
that he could continue to work while undergoing treatment. 5. Patients 
with pulmonary tuberculosis or other diseases of the apexes of the lungs 
were preferably excluded. 6. For obvious reasons patients who lived at 
great distances were omitted from this series. Points 4 and 6 would not 
necessarily apply to private patients or to patients not included in a study 
of this kind. 

TECHNIC 

The technic of the roentgen treatment of hyperthyroidism has undergone many 
changes over a period of years. Since the present series of treatments was begun, 
onb’- one change, namely a change in voltage, has been made. In the majority 
of cases the treatments were given with roentgen rays produced by a current with 
100 kilovolts and 10 milliamperes of constant potential. The radiations were 
filtered through 0.25 mm. of copper and 1 mm. of aluminum, a beam with a half 
value layer of 6.8 mm. of aluminum being produced. The target-skin distance 
used was 40 cm., and the number of roentgens was approximately 20 per minute 
(measured in air). Treatments were directed to each lobe of the thyroid sepa- 
rately, and the fields were made large enough so that they extended beyond the 
limits of the lobe. They frequently were 10 by 7 or 10 by 8 cm. in size. The 
lower border of the thyroid fields was made to coincide with the upper edge of 
the sternum. A narrow strip of skin was left between the two oblique fields. 
The thymus field extended in the midline from the top of the sternum down 
10 cm. The radiations were directed obliquely inward from each lateral field. 
In adjusting the angle an attempt was made not to cross fire but to direct the 
beam as nearly perpendicularly to the skin as possible. When the angles were 
such that there was cross fire at the level of the back of the trachea or the 
esophagus, the patient had considerable reaction, with irritation of either or both 
these structures. 

In routine treatment the patients received ISO roentgens, as measured in air, 
to each lobe of the thyroid every day for six days; thus, a total of 900 roent- 
gens (in air) was administered to each lobe. During the same period the patients 
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received 150 roentgens (in air) every second day to the thymus region, so that 
during the six day period a total of 450 roentgens was administered to the thymus. 
Such a series of irradiations completed what we term one course of treatment. 
During the following two or three weeks the patients frequently showed faint 
erythema or slight but persistent pigmentation.. As stated, whenever a cross fire 
effect on the esophagus or on the trachea was created from fields that were too 
oblique, some irritation of the mucosa of these structures followed, which caused 
difficulty in swallowing or an irritative cough. 

This technic was used for all patients in the series except those who received 
treatments on the 200 kilovolt apparatus. This apparatus consisted of a constant 
potential machine; the rays were filtered through 0.7 mm. of copper and 1 mm. 
of aluminum at a distance of 50 cm. The half value layer of this radiation was 
1.05 mm. of copper. In one series to one patient and in three series to another 
patient, a course of treatments was given over one anterior field 10 by 10 cm. 
in size to the thyroid and over a field of the same size to the thymus. Since 
tliis type of irradiation is given at a greater target-skin distance and affords no 
chance of cross fire on the esophagus, we believe equally good results are obtained 
without the risk of certain adverse effects. Although the stated dose, 150 roent- 
gens in air, is not the same on the skin when it is delivered by the different 
qualities of radiation (100 kilovolts and 200 kilovolts) because of difference in 
back scatter, the dose delivered to the tissue of the thyroid gland is so nearly 
the same that we consider the two methods equally satisfactory. 

After a ' one week course of radiation, the patient was kept under medical 
observation for six weeks, during the last week of which time he was reexamined. 
Unless he showed remarkable improvement (as did 1 patient), he was given a 
second course of treatments, which was administered in the same manner. Again, 
a period of observation of about twelve weeks followed, during the last week of 
which the patient’s condition was thoroughly reevaluated and a decision was 
reached as to whether or not a third course should be given. We believe defi- 
nitely that treatment should not be discontinued until the clinical findings, includ- 
ing the basal metabolic rate, are normal or below normal. The cause for most 
of the recurrences which follow roentgen ray treatment is the failure to accom- 
plish subtotal destruction of the thyroid. 

Before the present method was adopted, treatments were given once a week 
and to only one lobe of the thyroid at a time. Later treatment was given once 
a week to both lobes of the thyroid and to the thymus. By the present technic, 
the necessary amount of radiation is administered in a comparatively short period 
of time with only a slight cutaneous reaction, and a period of comparative freedom 
from symptoms intervenes before further therapy becomes necessary. 


RESULTS 

The present study was begun in 1935. From that time until 
September 1940, 43 patients with unquestioned hyperthyroidism were 
treated with roentgen rays in the clinic service of the University of 
California Hospital. Of these, 31 patients had toxic diffuse goiter and 
12 had toxic nodular goiter. Of the 12 patients with nodular goiter, 7 
gave a history of previous operation for exophthalmic goiter and had 
recurrences of nodular goiter clinically, 2 had long-standing hyper- 
thyroidism and what might be called nodular involution and 3 had toxic 
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nodular goiter not previously treated. Thirty patients of the series had 
not been treated surgically, and 13 had recurrences after operation. The 
basal metabolic rate was determined prior to treatment for all patients 
except 1 who had pneumonia. The average metabolic rate was + 35.7 
per cent before treatment and — 2 per cent after treatment. The average 
fall in basal metabolic rate was 35.7 per cent for the 37 patients who 
were either “cured” or showed marked improvement. Table 2 gives the 
pertinent data. 

Table 2. — Data on Forty-Three Patients with Hyperthyroidism 


Total number of patients 43 

Women (average age 40.0 years) 37 

Men (average age 46.7 years) 6 

Classification 

Toxic difiuse goiter 31 

Toxic nodular goiter 12 

Recurrence of nodular goiter 7 

Nodular involution 2 

Toxic nodular goiter S 

Number of patients not previousiy operated on SO 

Number of patients previously operated on 13 

Number of patients who received iodine 22 

Number of patients who did not receive iodine 21 


Table 3. — Results of Roentgen Ray Treatment in Patients with Hyperthyroidism 


Total number of patients 43 

Number of patients clinically free of hyperthyroidism 25 (58.1%) 

Number of patients markedly improved 8 ^ 8 . 6 %) 

Number of patients inadequately followed 3 ( 6.9%) 

Average basal metabolic rate before treatment (N,* 42) +35.7% 

Average basal metabolic rate after treatment (N.* 35) — 2.0% 

Averge fall in basal metabolic rate after treatment (N,* 37) 35.7% 

Avearge time between first course of roentgen ray treatment and return to nor- 
mal status 8.7 months 

Average gain in weight of “cured" and improved patients (N.» 39) (34 gained; 

4 lost; 1 remained same) ll-l lb. (5 Kg.) 

Average decrease in pulse rate per minute (N,* 38) (34, decrease; 4, increase) — 20.5 beats 


* N indicates number of patients. 

Twenty-five patients (or 58.1 per cent of the series) may be called 
“cured.” By “cured” we mean that they were clinically free of signs 
or symptoms of hyperthyroidism (with the exception, of course, of 
residual exophthalmos). Eight patients (or 18.6 per cent) were mark- 
edly improved and perhaps would have been called “cured” by many 
workers. Three of the patients were inadequately followed. Therefore 
we are unable to give their status (table 3). 

The results of roentgen ray treatment would appear more impressive 
if we eliminated 1 patient who was treated in preparation for operation, 
2 patients to whom we gave roentgen ray therapy in the hope of relieving 
their hyperthyroidism before they died of congestive heart failure and 
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3 patients who were inadequately followed. Of the remaining 37 patients, 
25 (or 67.6 per cent) were “cured,” 8 (or 21.6 per cent) were markedly 
improved and in 4 (or 10.8 per cent) the treatment failed. Thus, 33 
patients (or 89.2 per cent) were either completely relieved of hyper- 
thyroidism or were markedly improved. 

Three and a half months after therapy was initiated, 2 of the patients 
died. One, a 74 year old man, had been in congestive heart failure for 
four years. Roentgen ray therapy had been undertaken in the hope of 
curing the hyperthyroidism before he died of heart disease. The second 
death occurred in a 60 year old woman who had had hyperthyroidism 
for over ten years and had been in congestive heart failure for two years. 
In her case, too, roentgen ray therapy was unable to cure the hyper- 
thyroidism before the patient died of congestive heart failure. 

The treatment of 7 patients was classified as a failure (table 4) . As 
shown in the analysis, this classification is intentionally conservative. 

Table 4. — ‘'Failures” of Treatment and Complications 


Kumber of patients in whom roentgen ray treatment failed to bring about a “cure” 7 

Kumbcr of deaths (see text) 2 

Kumber of patients operated on after roentgen ray treatment because of 

Severity and progression 1 

Recurrence 1 

Roentgen ray burn (fliter left out) 1 

One course of roentgen ray therapy given preparatory to operation 1 

Family difflculties 1 

6 

Complications 

Roentgen ray burn (Alter left out) 1 

Tracheitis and esophagitis 15 


The first patient was a severely sick Chinaman who had been operated 
on eight months before and had a recurrence so severe that his metabolic 
rate was 4-75 per cent. In spite of administration of iodine and two 
courses of roentgen ray therapy, the hyperthyroidism persisted and he 
became so toxic that he nearly died after a second radical thyroidectomy. 
Later he had characteristic myxedema. The second failure occurred in a 
patient who after three courses of roentgen ray therapy had shown 
improvement, with a decrease in the size of the thyroid to well within 
normal limits. She had a recurrence somewhat over a year after roentgen 
ray therapy was completed and was operated on because she was dis- 
satisfied with the therapy. The remaining 5 patients whose treatment 
failed consisted of the 2 patients who died, a patient who was given one 
course of roentgen ray treatment preparatory to operation, a patient who 
was operated on after a roentgen ray burn on her neck (a filter had been 
left out during therapy) and a patient who was operated on because of a 
family situation which warranted treatment that would get her well as 
quickly as possible. It should be understood that roentgen ray therapy 
was given to the 2 patients who died only in the hope of saving their 
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lives, to the third patient only as preparation for operation and to the 
fourth, who in retrospect was a poor choice for this form of treatment, 
because certain factors in the environment had not been thoroughly 
appreciated. The treatment of the remaining 3 patients may be classified 
simply as a failure. 

The statement frequently is made that achievement of a normal clinical 
status takes much more time by roentgen ray therapy than by subtotal 
thyroidectomy. For the 25 patients whom we have classified as “cured” 
the- average length of time required for the cure was eight and seven- 
tenths months. By “cured” we mean afforded complete subjective relief 
of the symptoms of hyperthyroidism and complete objective relief as 
indicated by the results of physical examination, return of the basal 
metabolic rate to a. normal level (that is, low normal) and decrease 
in the size of the thyroid gland to normal. The interval between onset 
of treatment and “cure” undoubtedly was longer than the interval before 
return to normal status following partial thyroidectomy in a comparable 
series, but certainly not inordinately so. 

Nineteen of the “cured” patients had not been operated on prior to 
roentgen ray treatment. Fourteen of these had three courses of treat- 
ment, 1 had two and a half courses, 3 had two courses and 1 had only 
one course (the last patient might well have had spontaneous recovery 
without roentgen ray therapy) . Of 6 patients with recurrences following 
operation, 2 had three courses and 4 had two courses of roentgen ray 
treatment. As one would expect, the patients who had the most thyroid 
tissue required the most roentgen ray treatment. 

Only 22 patients of the entire series received iodine. It was admin- 
istered for an average of six and nine-tenths months. Twenty-one 
patients, including 11 of those “cured,” received no iodine at all. 

The patients were followed for an average of thirty-one and four- 
tenths months after treatment; of course those who died or who were 
operated on are excluded from this group. One of those who were 
inadequately followed was seen for only four months, the second for only 
nine months and the third for only seven and a half months. All the 
others were observed over a minimum of fourteen months and a maxi- 
mum of sixty-four and a half months after treatment. During this 
time 2 had recurrences. One was operated on in the status of a private 
patient and later probably had postoperative hypothyroidism. The second 
was given a third course of roentgen ray therapy and for three years has 
remained normal (to November 1941). 

In 38 patients the thyroid decreased to normal or small normal size. 
A similar change has not been stressed by other writers. Nevertheless, 
we consider decrease of the gland to normal size an important factor in 
clinical improvement. In fact, it seems inconsistent that relief of hyper- 
thyroidism should follow roentgen ray therapy if the thyroid does not 
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become definitely smallei*. In several cases, by the time the patient was 
clinically free of signs and symptoms of the disease, the thyroid was so 
small that the observer, in spite of his ability to palpate and estimate 
with reasonable accuracy thyroids that weigh 20 to 25 Gm,, found diffi- 
culty in outlining the gland. In cases of -severe hyperthyroidism, the 
decrease in the size of the thyroid may lag considerably behind the 
clinical improvement. 

We have attempted to draw some conclusions as to changes in blood 
pressure as well as in pulse rate and weight (table 3) in the cured and 
in the improved groups. There are too many sources of error in the 
determination of blood pressure even under relatively standardized con- 
ditions to permit a statistical appraisal. Nevertheless certain trends were 
noted. Thirty-eight patients showed an average fall in the systolic 
pressure of 11 mm. of mercury (30 showed a decrease and 8 an increase) 
and an average increase in the diastolic pressure of 7.5 mm. of mercury 
(27 showed an increase and 11 a decrease). The fall in systolic and in 
pulse pressure probably reflects a decrease in the cardiac output, while 
the increase in diastolic pressure probably coincides with an increase in 
arteriolar tone commensurate with the fall in the basal oxygen con- 
sumption. As already intimated, our series is too heterogeneous, espe- 
cially as to age, to allow any interpretation of the changes noted except 
that they may be regarded as reflecting a trend. 

The presence or absence of complications is worth special attention. 
None of the patients who received roentgen ray therapy alone later had 
hypothyroidism or myxedema. However, 3 of those who were operated 
on after roentgen ray treatment had these conditions. The handling of 
an ambulatory patient during the interval after roentgen ray treatment 
and before improvement which brings his symptoms to subclinical ranges 
may need to include measures that cause him to gain weight and to over- 
come nervousness. Thus, we have used high calory, high carbohydrate, 
high vitamin diets, sedatives in adequate doses, vitamin supplements 
(especially vitamin A and thiamine hydrochloride) and in one half of our 
cases iodine in small doses (in the form of compound solution of iodine 
U. S. P. or potassium iodide). Iodine may be useful during the first 
few weeks after the first course of roentgen ray therapy or it may be 
necessary for much longer periods for the more toxic patients. 

The most difficult problems in this series were presented by the com- 
plications of tracheitis and esophagitis. They occurred in 15 patients, 
1 of whom had questionable postradiation laryngitis, and undoubtedly 
were caused by the original method of administering roentgen ra 3 ’-s to the 
thyroid through two ports anteriorly, which resulted in cross firing on 
the trachea and the esophagus. Mild symptoms disappeared within a 
week or ten days, while severe ones persisted for as long as three weeks. 
Since this method has been abandoned and only one port has been used. 
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neither complication has appeared. No telangiectasis or atrophy of the 
skin was noted in this series, although many patients had initial reddening 
of the skin and several had tanning of the neck that persisted for months 
to years. Only one roentgen ray burn occurred, and this was due to an 
unfortunate accident by which a filter was omitted. None of the patients 
showed any clinical evidence of damage to the parathyroids. 

COMMENT 

According to the evidence presented here and elsewhere,^’ roentgen 
therapy can destroy sufficient thyroid tissue in patients with toxic goiter 
to produce the same results as surgical subtotal thyroidectomj^ If both 
surgeon and roentgenologist are thoroughly competent, one of the impor- 
tant considerations is the selection of the patients. We have already 
outlined our criteria for selection of patients for roentgen ray therapy. 
We believe that patients with nodular goiter (unless they have recur- 
rences after operation) should be operated on, because neoplastic nodules 
cannot be distinguished from involutionary nodules by palpation through 
the tissues of the neck. Since such a differentiation requires histologic 
examination, all patients with primary toxic nodular goiter should be 
treated surgically. There are other considerations that have not yet been 
discussed. Although we have no definite proof, we are under the impres- 
sion that patients who sunburn easily are also more apt to contract 
tracheitis and esophagitis as a complication of radiation therapy. Perhaps 
their mucous membranes are more sensitive than those of other patients, 
or the tracheitis and esophagitis may be due to more important factors, 
such as the angles at which the roentgen ray tubes are directed. 

If for any reason subtotal thyroidectomy seems desirable or necessary 
after one or more courses of roentgen ray therapy, the amount of thyroid 
tissue left in situ should be considerably greater than is customary in 
thyrotoxic patients who have not received roentgen ray treatment previ- 
ously, because the likelihood of subsequent myxedema is greater. The 
effects of the roentgen rays continue ’for some time after the treatment 
is ended. 

One important group of candidates for roentgen ray therapy are 
patients with hyperthyroidism in whom exophthalmos constitutes a 
prominent part of the clinical picture and in whom measurements of the 
eyes demonstrate severe degrees of proptosis. One of us ^ has reported 
elsewhere that in approximately 55 per cent of one series of surgically 
treated patients with toxic diffuse goiter, the eyes became significantly 
more prominent after operation, while an increase in exophthalmos 
occurred in only about 20 per cent of patients treated with roentgen rays. 

4. Soley, M. H. : Exophthalmos in Patients with Various Types of Goiter, 
Arch. Int. Med. 70:206 (Aug.) 1942. 
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It should be mentioned that in all such patients the eyes may appear less 
prominent when actually they protrude to a greater degree than they did 
prior to the treatment of the thyrotoxicosis. This deceptive appearance 
is a result of loss of the stare. Since the number of patients who have 
received roentgen ray therapy to the thyroid has increased, the changes 
in the exophthalmos deserve attention. The eyes of 22 of the series of 
43 patients reported on here were measured with a Hertel (Zeiss) 
exophthalmometer before and after treatment, and those of 5 other 
patients were measured after therapy only. Six, or 27 per cent, of the 
22 patients showed a progression of 1.5 mm. or more in one or both 
eyes, and 3, or 13.6 per cent, showed a decrease of similar magnitude. 
The remaining 13 patients showed no significant change. In view of the 
fact that the more rapid changes in thyroid function (and the consequent 
function of the anterior lobe of the pituitary) which accompany sub- 
total thyroidectomy for thyrotoxicosis may play an important role in the 
progression of exophthalmos, patients with severe protrusion of the eyes 
probably should receive roentgen ray therapy rather than surgical treat- 
ment of their thyroid condition. 

Many roentgenologists believe that patients with hyperthyroidism 
who are to have radiation to the thyroid should not receive iodine prior 
to the period of treatment. This opinion is based on the fact that irradia- 
tion of the normal human thyroid has little effect on the function of the 
gland as observed clinically. Therefore the more abnormal or hyper- 
plastic the thyroid the greater the expected effect of roentgen rays. Our 
experience does not permit confirmation or refutation of these ideas. 
Indeed, carefully controlled and extensive observations would be neces- 
sary to determine whether or not previous therapy with iodine diminishes 
the rate or the extent of destruction of thyroid tissue. Obviously, the 
sicker the patient the more likely he is to require a long time for recovery 
and temporary therapeutic measures besides roentgen ray therapy, such 
as administration of iodine. Consequently, the slower reaction may be 
attributed to the severity of the hyperthyroidism rather than to a dimin- 
ished response to the same amount of radiation. On theoretic grounds, 
we prefer to give our patients iodine, if it is necessary at all, only after 
the first course of roentgen ray therapy. 

SUMMARY 

Forty-three patients with unquestioned hyperthyroidism have been 
treated by roentgen therapy to the thyroid. One half of these (22 
patients) received iodine, while the other half (21 patients) received no 
iodine, in conjunction with the roentgen ray treatment. Twenty-five 
patients (or 58.1 per cent) were clinically free of hyperthyroidism in an 
average time of eight and seven-tenths months from the onset of treat- 
ment and eight (or 18.6 per cent) were markedly improved. Both 
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groups had a coincident decrease in the size of the thyroid to within 
normal limits. The average basal metabolic rate was -|- 35.7 per cent 
before treatment and — 2 per cent after treatment. Three patients were 
inadequately followed, and their exact status is unknown. 

Two patients with congestive heart failure, which had been present 
for two and four years, respectively, prior to treatment, died before their 
hyperthyroidism could be “cured.” Four patients were operated on 
because of failure of roentgen ray therapy and for other reasons. One 
patient deliberately had been given a single course as preparation for 
subtotal thyroidectomy. 

Complications consisted of tracheitis and esophagitis in 15 patients. 
In order to avoid these complications, we have changed the method of 
therapy. Radiation to the thyroid now is given through one port 
anteriorly. 

CONCLUSIONS 

Roentgen ray therapy in adequate dosage is successful in bringing 
■about subtotal destruction of the thyroid in patients with toxic diffuse 
goiter. In the majority it results in relief of clinical symptoms, fall of 
basal metabolic rate to a normal level and decrease of the thyroid to 
normal size. 
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In the publication field several important events are to be recorded. 
A new journal has been launched; in January 1942 appeared the first 
number of the Journal of Neuropathology and Experimental Neurology. 
It is a quarterly, and the three numbers at hand show a high standard 
of work and bookmaking. The editors ai'e to be congratulated on 'their 
production and on their courage in starting such a new project in wartime. 

Another event of importance is the appearance of a book by Penfield 
and Erickson entitled “Epilepsy and Cerebral Localization.”^ This book 
contains more good information on fits, what they are and where they 
come from, than any book ever published. The point of view is that of 
a neurophysiologist using surgery as the chief tool, but the medical and 
psychologic aspects of the subject are well discussed. Experimental 
data in the form of careful case material are freely used, and the book is 
well illustrated and documented. Surgeons who work in this scientific 
way, looking on each operation as an experiment to be carefully recorded, 
have proved that they can advance certain parts of physiology, especially 
of neurophysiology, more than the physiologist whose observations are 
confined to laboratory animals. 

A quite different, but also important, book is one by Lennox entitled 
“Science and Seizures.”- This is aimed at the intelligent lay reader but 
is interesting reading for any physician. The social, therapeutic and 
hereditary aspects are particularly well handled. 

After the last war Prof. Kurt Goldstein was for ten years director 
of a large institute for the study of brain injuries. His great experience 
was published in a series of papers in German. Many of these are not 
now available, so Goldstein, now clinical professor of neurology at 
Tufts Medical School, Boston, has written a book of 250 pages entitled 
“After Effects of Brain Injuries in War: Their Evaluation and Treat- 

1. Penfield, W., and Erickson, T. C. : Epilepsy and Cerebral Localization, 
Springfield, 111., Charles C. Thomas, Publisher, 1941. 

2. Lennox, W. G. : Science and Seizures, New York, Harper & Brothers, 
1941. 
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merit.”® This will be most valuable for all military surgeons in a war 
where cerebral injury is so common. It is especially valuable because 
Goldstein’s point of view is not that of a narrow specialist in neurologic 
localization but that of a biologist and a good general physician. For 
example, as a neurologist he knows that certain symptoms are direct 
sequelae of local cerebral lesions, a motor or a visual deficit, for example, 
but he emphasizes that the problem is never as simple as is generally 
assumed. One must realize that many important symptoms are not 
the direct result of damage to a part of the brain but an expression of 
the struggle of the changed organism to cope with the defect. This 
attempt of the organism to find a new adjustment gives rise to two kinds 
of symptoms: The first reveals the struggle; the second reflects the 
tendency to build up substitute performances which allow the organism 
to escape the struggle. He tries to come to terms with the outer world 
with his new nervous setup. This seems to cause changes in his “gen- 
eral functions,” such as fatigability, attention and interest. Goldstein 
has carefully broken down these generalizations into specific reactions 
and has then made a diagnosis for and been able to treat patients suffer- 
ing from most disturbing psychologic symptoms. More specifically, he 
describes methods of training and physical therapy for neurologic defects. 
Especially useful is the discussion of the reeducation of aphasic patients. 
This should be used more in civil practice for patients with aphasia from 
vascular lesions, who are too often given up as hopeless. 

“The Central Autonomic Regulations in Health and Disease, with 
Special Reference to the Hypothalamus,” by Heymen R. Miller,^ is a 
most timely and useful book ; as Fulton says in the introduction. 

The physiologic concept of central integration of autonomic mechanisms, and 
the significance of overlapping representation of somatic and autonomic levels 
of function, have been particularly slow to find recognition and application in 
clinical medicine. 

In 1909 Karpus and Kreidl published their first paper on "Gehirn und 
Sympathicus" ; this work started the modern investigation of cerebral 
control over visceral functions and opened a great field in clinical medi- 
cine. Miller has taken this thirty-three years of work, epitomized what 
is now known of the physiologic and anatomic aspects in three chapters 
and discussed clinically and physiologically, each in a chapter, the regu- 
lation of body temperature, water and minerals, metabolism, circulation, 

3. Goldstein, K.: After Effects of Brain Injuries in War: Their Evaluation 
and Treatment, New York, Grune & Stratton, Inc., 1942. 

4. Miller, H. R. : The Central Autonomic Regulations in Health and Disease, 
with Special Reference to the Hypothalamus, New York, Grune & Stratton, Inc., 
1942. 
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respiration, the gastrointestinal and the genitourinary tract, reproduc- 
tion, sleep and emotions. 

Gibbs and Gibbs® hai^e published a beautiful “Atlas of Electroen- 
cephalography” showing the brain waves recorded from all sorts of 
common and rare cerebral disorders. Concurrent with the pictures is 
a good discussion that must be read to make the illustrations intelligible. 
Too many superficial observers have gained the idea from quick inspec- 
tion that the authors have shown the typical and diagnostic electroen- 
cephalograms for all sorts of disease of the nervous system, from the 
varied forms of epilepsy to schizophrenia and multiple sclerosis. Many 
are shown, but few if any are typical ; they are a great aid in diagnosis, 
but they are not diagnostic when taken apart from the rest of the record. 

PSYCHOSOMATICS 

The war has brought with it greatly increased emotional stress both 
among soldiers and among civilians. Medical symptoms closely related 
to neurotic disturbances are becoming common in military hospitals. 
Although the field of psychosomatics is new under that name, it is as 
old as the practice of medicine. If one tries to define it, many difficul- 
ties appear. Of course, the neiwous system reaches and integrates all 
parts of the body, and “psyche” is the highest level of this nervous sys- 
tem. Logically and physiologically, therefore, psychosomatics has a 
place in every branch of medicine. Nevertheless, common sense dictates 
that the term psychosomatics refers to a clinical field, recently brought 
into the limelight by simultaneous advances in medicine and in psy- 
chiatry, a field where advance is urgently needed because of the effects 
on man of the war stresses. In short, it is an area of clinical activity 
which attends to the physiology of the emotions, where the psychiatrist 
can help the general physician and vice versa.® 

The recent literature on psychosomatic problems is largely made up 
of (a) clinical descriptions and reports that show probable relations 
between emotions and medical symptoms and (b) attempts to analyze 

5. Gibbs, F. A., and Gibbs, E. L. : Atlas of Electroencephalography, Boston, 
the Authors, 1941. 

6. The six year review of the Josiah Macy Jr. Foundation (Josiah Macy Jr. 
Foundation: Review by the President of Activities for the Six Years Ended 
December 31st, 1936, New York, 1937) devotes much space to a discussion of 
psychosomatic problems. One paragraph is particularly apt in this discussion : 

“Investigation of these problems can best be conducted through integrated 
clinical, physiological and psychological studies within the various clinical branches ; 
for until the family physician, the pediatrician and the surgeon, as well as the 
various specialists, understand and deal with psychosomatic problems, no real 
advance can be made. When they do so, the term itself will be obsolete, for the 
practice of medicine will have become the practice of ‘psychosomatic medicine.’ ” 
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the psychologic types of the persons who fall ill with such medical dis- 
eases as asthma, hypertension, arthritis, neurodermitis, colitis and peptic 
ulcer. The former kind of investigation is amassing an important body 
of data, the latter kind is intriguing and makes good reading, but to 
the tough minded person it is still quite unconvincing. The psychologic 
descriptions are too much alike, and the diseases are too obviously 
different. 

As regards the gastrointestinal tract, Alexander believes that symp- 
toms referable to the upper part, gastric syndromes, are encountered in 
persons who are active, independent and efficient; persons with colonic 
diarrhea are dependent, with feelings of guilt and obligation, and those 
with constipation are stingy, accept much and give little. Other investi- 
gators ^ find that patients with mucous colitis are meticulous, compulsive 
and resentful. Even ulcerative colitis has been studied from the per- 
sonality standpoint ® ; patients with this disorder are said to be seclu- 
sive, apathetic and dependent. One might say that these psychologic 
attitudes might well be the result of the illness, especially in such a 
severe illness as ulcerative colitis, and have no relation to causation. 
Most of the investigators, however, have gone into the personality study 
thoroughly enough to have evidence concerning the patients’ psychologic 
traits before they had the gastrointestinal symptoms. Moreover, many 
have been relieved by psychiatric treatment. 

The cardiorespiratory system is, if anything, more easily affected by 
emotions than the gastrointestinal tract. Normal emotions are expressed 
by heart rate and respiration; nervousness that is so common as to 
be hardly classed as pathologic is shown by rapid breathing, sighing, 
increased ventilation, rapid and irregular heart beat. Finesinger’s ® 
careful studies of respiration show that the spirogram is a delicate 
indicator of emotional reactions. Most patients with anxiety neurosis 
have an irregular spirogram with many sighs ; hysterical patients usually 
have somewhat irregular spirograms deviating from the normal, but 
not as greatly as those of the anxiety group. Respiratory disorders of 
the most severe nature, such as asthma, seem to have psychologic com- 

6a. Alexander, F. ; Psychoanalyt. Quart. 3:501, 1934. 

7. White, B. V.; Cobb, S., and Jones, C. M. ; Mucous Colitis: A Psycho- 
logical Medical Study of Sixty Cases, Psychosomatic Medicine Monograph, no. 1, 
Washington, D. C., National Research Council, 1939. 

8. Daniels, G. E. : New England J. Med. 226:178, 1942. Lindemann, E. : 
Ulcerative Colitis, read at the meeting of the Massachusetts Ps.vchiatric Society, 
February 1942. 

9. Finesinger, J. E. : Psychosom. Med. 2:333, 1940. 
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pouents. French and Alexander and others studied 27 cases of 
astlima intensive!}- b}- ps 3 -choanalytic methods. The}" find that situations 
wliicli tend to increase respiration, such as emotion, exertion and hurry, 
may bring on astlimatic attacks. Extreme emotion may stop -the attack, 
perhaps because epinephrine is secreted into the blood stream. Many 
asthmatic patients were found to be excessively dependent on their 
mothers, and situations associated witli separations from the mother 
often brought on attacks. Of course, the allergic aspect of the disease 
is given due consideration. It is not a matter of either allerg}" or 
emotions but a var}-ing combination of the different factors. Greenhill 
and Finesinger have found in a series of patients suffering from atopic 
dermatitis that exacerbation of the cutaneous lesion occurred in many 
cases when feelings of insecurity, hostility and depression were brought 
on. Saul found that repressed and frustrated longing was an impor- 
tant factor in bringing on other kinds of allergic manifestations, such as 
rhinitis, edema and urticaria. 

The role of the emotions in precipitating cardiac and circulatory 
crises has long been studied. Angina pectoris and hypertension are 
the commonest examples cited. 

Rennie believes that hypertension may be associated with pro- 
tracted resentment and insecurity. Alexander finds that hypertensive 
patients belong to the group of “overly inhibited, yet at the same time, 
intensely hostile and aggressive individuals.*’ 

In England the war has brought out a new crop of cases of neuro- 
circulatory asthenia (in the last war more than 40,000 men were given 
pensions because of this syndrome). The pendulum has swung away 
from the former opinion that this was an “effort syndrome” caused by 
overexertion in men who were soft to the opinion that the disorder is 
a form of anxiety neurosis. Wood has studied a large series of cases 
and supports the latter theory emphatically. White has described the 
syndrome briefly and rightly separates it from “cardiac neurosis,” which 
in his terminology is the result of frightening a person about his heart 
when he has a harmless murmur or an insignificant valvular lesion. 

10. French, T. AI. ; Alexander, F., and others : PsjThogenic Factors in Bron- 
chial Asthma, Psychosomatic Atedicine Alonograph, nos. 1 and 2, AVashington, 
D. C., National Research Council, 1941, vol. 2. 

11. Greenhill, Al. H., and Finesinger, J. E. ; Neurotic Symptoms and Emotional 
Factors in Atopic Dermatitis, Arch. Dermat. & Syph. 46:187 (July) 1942. 

12. Saul, J. : PsA'chosom. A'led, 3:66, 1941. 

13. Rennie, T. A. C. : New England J. Aled. 221:448. 1939. 

14. Alexander, F. : Psychosom. Ated. 1:173, 1939. 

15. Wood, P.: Brit. AI. J. 1:767, 805 and 84.3. 1941. 

16. AVhite, P. D. : Alod. Concepts Cardiovasc. Dis. 11:8, 1942. 
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There are many angles to the problem of neurocirculatory asthenia that 
are not yet settled. 

The effects of epinephrine on circulation and respiration have been 
mentioned. Other hormones are intimately associated with emotional 
states. Benedek and Rubenstein have studied the correlation between 
ovarian activity and sex drive, fantasy and dreams. The data are all 
from 1 case intensively studied by endocrinologic and psychiatric meth- 
ods. Although the evidence is not extensive enough to justify conclu- 
sions, a start has been made on the careful study of the relation of 
menstruation and emotions. Many other studies might be mentioned 
on arthritis, Raynaud’s disease, epilepsy and hyperthyroidism. The 
ones discussed are from some of the more important reports published 
in the last three years. 

DISORDERS OF THE EXTRAPYRAMIDAL SYSTEM 

During the past six years a book and several important papers 
have appeared on the functions and lesions of the extrapy rami dal 
motor system. These summarize and bring into understandable 
order a great mass of experimental and clinical work of the last thirty 
years. Twenty-five years ago textbooks gave no clue to the function of 
the basal ganglions and the associated nuclei in the forebrain and mid- 
brain; some authors stated that nothing was known of the function. 
This is remarkable because many pertinent observations had been made 
during the preceding fifty years,“° but it is a common story in the history 
of medicine that scattered observations are of small value until a conca- 
tenation of events focuses interest on a subject; then a great develop- 
ment occurs. This happened for the basal ganglions when Alzheimer 
(1911), Vogt (1911), Wilson (1912) and Lewy (1912) described 
lesions in this region corresponding to neurologic syndromes. Then 
the epidemic of encephalitis in 1917 to 1922 gave such a rich and dra- 
matic demonstration of the effects of lesions of the brainstem that by 
1925 the clinicopathologic pictures were recognized and referred to the 
extrapy rami dal system, even though the physiologic implications were 

17. Benedek, T., and Rubenstein, B. B.: Psychosom. Med. 1:245 and 461, 1939. 

18. Diseases of the Basal Ganglia, Proceedings of the Association for 
Research in Nervous and Mental Diseases (1940), Baltimore, Williams & Wilkins 
Company, 1942, vol. 21. 

19. (o) Keschner, M. : Dyskinesias, Hagerstown, Md., W. F. Prior Company, 

Inc., 1942, vol. 10, in Tice, F. : Practice of Medicine, pp. 307-436. (6) Bucy, P. C. : 
J. Neuropath. & Exper. Neurol. 1:224, 1942. (c) Putnam, T. Treatment of 

Unilateral Paralysis Agitans by Section of Lateral Pyramidal Tract, Arch. Neurol. 
& Psychiat. 44:950 (Nov.) 1940. (cf) Myers, R. : New York State J. Med. 
42:4, 1942. 

20. Hammond, W. A.: A Treatise on the Diseases of the Nervous System, 
New York, D. Appleton and Company, 1871. 
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confused. Before this there had been an “upper motor neuron” and a 
“lower motor neuron” to explain motor function. The new knowledge of 
brainstem function added so man}'- intercalated motor neurons that the 
old idea no longer ser\^ed. The “extrapyramidal syndromes” appeared. 
These are pseudobulbar paralysis, athetosis, dystonia, paralysis agitans, 
chorea, hepatolenticular degeneration (Wilson’s disease) and pseudo- 
sclerosis. The t}^pical forms of each are not difficult to recognize, but 
the etiologic agents are so various that many overlapping syndromes 
appear. This is especially true of a diffuse infection like encephalitis 
lethargica the manifestations of which simulate almost the whole list of 
syndromes. 

To describe all these would be to write a textbook, and this has been 
recently well done by Keschner.^®“ For a review it is better to sum- 
marize the anatomic and the physiologic aspects and point out how 
lesions ma}' interfere at different points to cause the disturbances of 
function one recognizes as symptoms. 


BASAL GANGLIONS AND ALLIED STRUCTURES 


Much difficulty is caused by the varied use of anatomic names in the 
study of this region. Lewy has gone into the history of the nomen- 
clature and concludes that common use at the present time makes it 
wise to accept the terms striatum and pallidum as signifying the two 
great basal ganglionic masses. There are several other nuclei nearby 
which are sometimes included in the term basal ganglions, the largest 
of these being the thalamus. The others may be said to be “peduncular” 
rather than “basal.” Probably the best plan is to call the whole area 
“brainstem” and speak of the dift'erent gray masses, or nuclei, of the 
brainstem, rather than to go into anatomic niceties that have little 
physiologic significance. Then the nuclei of the upper part of the brain- 
stem, related to the extrapyramidal system, can be summarized as 
follows : 

Nuclei of the Upper Part of the Brainstem 


Forebrain 


Midbrain 




\ putamen f 
X pallidviin 


Caudate nucleus 
Lenticular nucleus 
Thalamus 
Hypothalamus 
Subthalamic nucleus 
Red nucleus 

Reticular formation (upper part) 
Substantia nigra 


Istriatum 


Figure 1, taken from a recent paper in Medicine by Benda and 
Cobb,^^ gives an idea of the relations. The brainstem is cut through 
the midbrain to show the red nucleus {R.N.) and the substantia nigra 

21. Lewy, F. H. : A. Research Nerv. & Ment. Dis., Proc. (1940) 21:1, 1942. 

22. Rioch, D. M. ; A. Research Nerv. & Ment. Dis., Proc. (1940) 21:133, 1942. 

23. Benda, C. E., and Cobb, S.: Medicine 21:95, 1942. 
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{S.N.). The nuclei of the reticular formation {R.) are close to these 
in the midbrain and extend down into the medulla. The whole of the 
cut-off segment of the brainstem is moved down in the diagram for 
visibility; normally, it is tucked up close to the striatum and the pal- 
lidum between the temporal lobes. 

PHYSIOLOGY OF THE EXTRAPYRAMIDAL SYSTEM 

From 1912 to 1934 the consensus was that the function of the stria- 
tum and the pallidum had to do with “tone,” “postural tone” or, more 
clearly stated, the taking and maintaining of postures and the control of 
automatic locomotor reflexes. Then the work of Bard and Rioch 
showed that the functions of these upper levels of the brainstem were 
more complex, had to do with highly integrated behavior patterns and 
could be modified by experience. Their functions resembled what one 
had previously considered “cortical” functions. Posture was found to 
be integrated much lower down the neuraxis. In the spinal cord there 
is little postural activity, but the more highly integrated spinal move- 
ments have simple elements of posture held for a short time if the stim- 
ulus is maintained. In the hindbrain are important postural mechanisms 
which cause slow and prolonged muscular responses. Chief among 
these is the vestibular apparatus, especially the lateral vestibular nucleus 
(Deiters’). This maintains a steady contraction of the antigravity mus- 
cles, holding man in the standing position. Modifications of this may 
be brought about by the neck reflexes which have as their afferent stim- 
uli the proprioceptive impulses from the muscles of the neck inner- 
vated by the upper cervical and the spinal accessory nerves. Righting 
reflexes, that aid animals to arise and keep upright, are controlled largely 
from the midbrain (subthalamic nucleus, substantia nigra, red nucleus 
and reticular formation). For example, the eyes, working on midbrain 
mechanisms and in coordination ivith the hindbrain, set up a train of 
reflex events which brings a prone animal first to look up, then to sit 
up and then to stand, in quick and smooth sequence. The next level of 
the motor system lies in the striatum. Mammals with the cerebral cor- 
tex removed and the basal ganglions intact can walk, run and even jump 
in an effective, though automatic, way. All they seem to lack is initia- 
tive, spontaneity and memory. In other words, they have few and 
rudimentary conditioned reflexes and do not react in the light of past 
experience. Such an animal is able to go about but has no direction 
as to where to go except when immediate strong stimuli are applied. 


24. Bard, P. : Psychol. Rev. 31:309 and 424, 1934. 

25. Rioch, D. M. : Psychiatry 1:339, 1938. 
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A decorticate cat, even when the striatum is injured, can perform all the 
locomotor functions, so it is the peduncular nuclei rather than the 
striatum and the pallidum that must be concerned with simple locomo- 
tion. The function of the striatum is probably to elaborate motor 
behavior of even the more highly integrated types and thus make it 
smooth and effective. The observations of Akelaitis, von Wagenen 
and associates, cited by Smith and Akelaitis,”® are pertinent here. They 
sectioned the corpus callosum in several cases and found no loss of 
motor skill. In 2 patients, both stenographers, the entire corpus cal- 
losum was cut, yet after operation they had lost none of their skill as 
t 3 ^pists, a special motor performance which needs the closest cooperation 
between the left and the right hand. Also among the patients was a 
pianist, who lost none of her skill after the operation. With the corpus 
callosum gone it seems that the coordination must have been carried out 
in the striatum or possibly even lower ganglions. 

The basal ganglions may function well in decorticated mammals, but 
normally in human beings they are closely connected with the “extra- 
pyramidal” part of the cerebral cortex, areas 6 and 8 of Brodman (see 
figure 1). Area 4 is recognized histologically by the presence of the 
giant pyramidal cells of Betz. The giant cells of area 4 send fibers 
mostly to the spinal levels of the opposite side. Stimulation of area 4 
causes remarkably local contraction in small muscle groups or even 
single muscles. In area 6 electrical stimulation results in much more 
complex, slow, postural movements, involving more muscle groups. The 
fibers from cells in this area end mostly in area 4 and the basal gangions 

(fig- 1)- 

Cortical area 6 is the highest level of the extrapy rami dal system and 
controls the striatum and to some extent cortical cells in area 4. Motor 
skills learned by means of the cortex can probably be relegated to the 
striatum when they become automatic. The neostriatum elaborates and 
smoothes out the coarser motor integrations of the paleostriatum. These 
in turn control the primitive walking reflexes of the subthalamic region, 
which make use of the righting reflexes of the midbrain nuclei and the 
antigravity reflexes of the hindbrain from the lateral vestibular nucleus. 
The lowest level is, of course, the spinal, where all the extrapyramidal 
impulses (running down the vestibulospinal, reticulospinal and rubro- 
spinal tracts) reach the “motor pool” about the ventral horn cells and 
eventually discharge along the final common path. This summary is 
not entirely accurate because there are such unexplained exceptions as 

26. Smith, K. V., and Akelaitis, A. J.: Studies on Corpus Callosum, Arch. 
Neurol. & Psychiat. 47:519 (April) 1942. 
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the finding that a few “extrapyramidal” fibers come from area 6 and, 
joining those from area 4, travel down through the pyramids of the 
medulla oblongata and hence are “pyramidal.” 

One would not expect to have refined localization of function in such 
a mechanism as the basal ganglions, where the main work is probably 


Precentral 


Fissure Rolandi 



C.- Caudate Nucleus 
P -Pulamen 
G -Globus Pallidus 
C.I.-CapsuIa Interna 
Th.-Tholomus 
RN.Red Nucleus 
S.N. Substantia Nigra 
0. - Olive 

R. -Reticular Substance 
A. -Ansa Lenticularis 


Medulla oblongata^ 


^^^■^R5b.lp] Extrapyram. 
'^Cori-sp. Pyramidal 


Fig. 1. — Diagrammatic sketch of the pyramidal and the extrapyramidal motor 
systems after Benda and Cobb.^s 


integrating, elaborating and smoothing out motor acts which vary all 
the way from learned skills that have become automatic to rather simple 
locomotor performances. The evidence from lesions sustains this expec- 
tation ; localization is probably rather general in distribution ; for exam- 
ple, the right half of the ganglionic complex controls the left half of 
the body. Certain symptoms appear when certain parts of the complex 
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are injured. When the subthalamic nucleus is affected by a focal lesion, 
the opposite arm and leg may show the violent, rhythmic, flail-like 
movements known as “ballismus.” Tremor of the Parkinson type occurs 
when the substantia nigra, the pallidum and cortical area 6 are injured, 
but not destroyed, and the pyramidal tract is functioning.^^ Athetosis 
usually results from lesions of the striatum or the precentral cortex or 
both.^®’^ Chorea minor probably comes from scattered petechial lesions 
in the striatum and the cortex, while the chronic chorea of old age has 
a widespread degeneration of the striatum, the pallidum and the cortex. 
The rigidity of paralysis agitans is sometimes laid to a lesion of the 
pallidum. 

Of course, such observations as the foregoing ones only give a rough 
indication of the function. They show what the rest of the organization 
can and does do when a certain nucleus or group of nuclei drop out. 
Some clinicopathologic investigators have tried to go farther and localize 
more exactly the representation of the limbs and functions. At the 
present time the evidence does not seem to justify such refinement. 
Experimental work on animals has been of little help, largely because 
of the fact that only the higher apes have motor functions that resemble 
those of man. 

THERAPY OF INVOLUNTARY MOVEMENTS 

Of the various types of spasm and tremor the only one that appears 
to be amenable to reeducational training is athetosis. This may be 
because it occurs frequently in youth as the result of birth injury. 
Patient work with athetoid children over years has often made their 
lives much more bearable but has rarely made them self-supporting.^^ 

Treatment by the use of drugs is of little value in torticollis, athetosis, 
torsion spasm and ballismus ; it is most helpful in chorea and paralysis 
agitans. In chorea sedatives, such as phenobarbital, have been effective, 
and fever therapy seems to have been of benefit in many cases.’® 
Paralysis agitans is rarely relieved by sedatives, although a combination 
of phenobarbital with-belladonna sometimes is more beneficial than either 
compound alone. The best drugs for the tremor, rigidity and ocular 
and leg spasms of paralysis agitans are those of the atropine group. 
Recent experience has shown that no one alkaloid is as effective as a 
combination of both atropine and scopolamine. That is why extracts of 
belladonna root have better effects than the pure drugs. For some time 

27. Carlson, E. R.: A. Research Nen\ & Ment. Dis., Proc. (1940) 21:534, 
1942. 

28. Barnacle, C. H. ; Ewalt, J. R., and Ebaugh, F. G. : Artificial Fever Treat- 
ment of Chorea: Preliminary Report, J. A. M. A. 106:2046 (June 13) 1936. 
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there was supposed to be a magic in the Bulgarian root, but that myth 
has been dispelled by the success of American products that contained 
both alkaloids. It is important to push the drug employed until visual 
disturbances and dry mouth cause one to stop; then stay at that dose 
until tolerance is increased, and after a week or two push the dose 
higher in order really to ease the rigidity and stop the tremor. Special 
eye glasses can be made to help vision; frequent sips of lemon juice or 
vinegar in water help the dry mouth, Syntropan has a less toxic effect 
in moderate doses. 

The addition of amphetamine sulfate to one of the atropine group 
of drugs is effective in some cases. It gives the patient more motor 
initiative and speeds up motor performance, as well as improving the 
mood. Five milligram doses administered at 7 a, m., 11 a. m. and 
3 p. m. with the appropriate dose of fluidextract of belladonna root will 
usually suffice. The drug should not be given in excess or after 3 p. m., 
because of its marked effect in preventing sleep. In some cases one 
dose of 10 mg. on arising is better, but this compound sometimes causes 
a feeling of nervous tension with increased tremor and so must be 
avoided. Only a trial will tell which patient will be benefited. 

Surgical treatment of the involuntary movements resulting from dis- 
ease of the basal ganglions has taken a new start in the last five years 
because of the advances in knowledge of the physiology of these gan- 
glions and their connections with the motor cortex. Horsley as early 
as 1890 successfully extirpated part of the precentral gyrus (probably 
area 6) for athetosis. The cutting of the first three cervical anterior 
roots and the spinal accessory nerve for spasmodic torticollis is now a 
well recognized procedure, with good results.®^ The recent operations 
for athetosis, tremor and spasms, according to Putnam,®“ have 

, . . resulted in a fairly high mortality, and in many failures, but also in a 
gratifying number of dramatic successes. There is much reason for hoping that 
the worst is now over, and that the future will see indications clearly defined 
and procedures standardized and accepted. The urgent need for relief in the many 
severe cases of dystonia and parkinsonism should impel us to waste no oppor- 
tunity for advance. 

Myers divides these surgical procedures into operations (a) at 
the level of the spinal cord, (&) at the level of the cerebellomesencephalic 

29. Schlezinger, N. S., and Alpen, B. J. : Am. J. M. Sc. 201:374, 1941. 

30. Horsley, V.: Brit. M. J. 2:1286, 1890. 

31 Foerster, O.: Zentralbl. f. Chir. 1:402, 1920 ; 2:1106, 1920. Dandy, W. E.: 
Operation for Treatment of Spasmodic Torticollis, Arch. Surg. 20:1021 (June) 
1930. 

32. Putnam, T. J. : A. Research Nerv. & Ment. Dis.; Proc. (1920) 21:666, 
1942. 

33. Myers, R. : A. Research Nerv. & Ment. Dis., Proc. (1940) 21:614, 1942. 
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complex, (c) at the level of the cerebral cortex and {d) at the level 
of the basal ganglions (see figure 1). Putnam has cut the anterolat- 
eral or lateral tracts in the cervical portion of the spinal cord in 42 
patients with athetosis. The results have been excellent in case of 
unilateral disease, but of the patients with bilateral athetosis, only about 
half have had much relief. The operative mortality has been less than 
12 per cent. Putnam has tried lateral cordotomy for paralysis agitans 
in 7 instances. Here, as in athetosis, it is the patients with unilateral 
disease who were most relieved. 

Operations at the cerebellomesencephalic level are particularly dan- 
gerous, and results so far do not justify this approach. 

About thirty operations have been performed at the level of the 
basal ganglions, mostly by Myers. Parts of the caudate and the len- 
ticular nucleus have been removed, but the most efifective operation is 
the cutting of the fasciculus and ansa lenticularis (the main efferent 
pathway of the pallidum and the striatum) as they pass near the foramen 
of Monro beneath the floor of the lateral ventricle (see figure 1). The 
approach is through an incision in the frontal lobe that exposes the floor 
of the lateral ventricle and the foramen of Monro. Several patients 
have been remarkably improved by this procedure, even those with bila- 
teral involvement who have had bilateral operations. Unfortunately, the 
patients are usually poor “operative risks,” the operation is difficult 
and the mortality is about 20 per cent. Obviously, the physiologic 
approach is correct, but Myers himself believes the operative procedure 
needs refinement before it should be continued. Extirpations at the 
cortical level (areas 4 or 6, separately or combined) have been per- 
formed for athetosis and paralysis agitans. The patients with unilateral 
symptoms, especially those with conditions of traumatic origin, have 
usually been relieved.®* In patients with degenerative disease of both 
hemispheres, double athetosis and Parkinson’s disease, the results are 
more dubious and the mortality is high, over 17 per cent.®® 

One must conclude that at present the operative treatment of involun- 
tary movements is experimental. Much headway has been made ; much 
has been learned about the physiologic and pathologic aspects, and the 
prospects are bright that in the not far distant future surgical interven- 
tion will make a great contribution to the treatment of athetosis, tremor, 
rigidity, torsion spasm, ballismus and chorea, as it has already done for 
torticollis and the rare cases of unilateral dyskinesia. It must be 

34. Bucy, P. C. : A. Research Nerv. & Ment. Dis., Proc. (1940) 21:551, 1942. 

35. Klemme, R. M.: A. Research Nerv. & Ment. Dis., Proc. (1940) 21:596, 
1942. 
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acknowledged, however, that up to the present no relatively simple 
and safe operation has been devised that offers adequate hope of relief 
of symptoms. 

ELECTROENCEPHALOGRAPHY 

Since 1935, when the very beginnings of clinical electroencephalog- 
raphy were mentioned in this review, conspicuous advance has been 
made. Now many large hospitals are equipped to make electroenceph- 
alographic records (“brain waves”), and in certain spheres of neurology 
the technic has become an important diagnostic aid. The fine atlas of 
Gibbs and Gibbs ° already mentioned is an extensive study, showing 
that an abnormal electroencephalogram accompanies most lesions of 
the cerebrum and some disorders in which lesions are not evident at 
autopsy. The brain wave pattern, however, is not characteristic for 
any disease, with the exception of the bursts of wave-spike formations 
frequently seen in epilepsy, usually in petit mal. This fact, however, 
does not nullify the usefulness of the electroencephalogram as a diag- 
nostic instrument. Often one wishes to know whether certain symptoms 
are caused by cerebral lesions or are due to neurotic or psychotic dis- 
orders without lesions. For example, a differential diagnosis between 
schizophrenic stupor and coma due to brain tumor would be possible. 
Again, a hysterical fit can be differentiated from an epileptic seizure 
if one is careful to rule out the fast high waves caused by movements 
of muscle. 

Localization of cerebral lesions can also be made electrically with a 
fair degree of accuracy. As many as twenty-four leads can be placed 
on the skull, and by a triangulation survey the point from which the 
abnormal waves seem to originate can often be found. This is especially 
useful in studying tumors and traumatic lesions and in deciding whether 
an epilepsy is focal and perhaps approachable by surgical therapy. 

In psychiatry the electroencephalogram is of some diagnostic help. 
Manic-depressive and schizophrenic patients often show irregular unstable 
patterns,®® but they are far from pathognomonic; some normal people 
show them also. Possibly phlegmatic persons show more alpha waves 
(about 10 per second activity over the occipital lobes), and tense, 
anxious persons show more rapid, small (beta) waves (see figure 2). 
Problem children in whom encephalopathy or epilepsy was not suspected 
can often be proved to be suffering from one or both of these conditions 
by the finding of long, slow (delta) waves. These occur normally in 
infancy or in deep sleep but are distinctly pathologic in children over 
8 years of age who are awake. 


36. Pacella, B. L., and Barerra, S. E.: Psychiatric Quart. 15:407, 1941. 
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Epileptic brain waves have been extensively studied, especially by 
Gibbs, Gibbs and Lennox and b}’’ Jasper, in a chapter in a book by 
Penfield and EricksonP The essential abnormalities are the great magni- 
tude and the episodic nature of the discharges. The waves are large (high 
voltage) and come in bursts, whether they are long slow delta waves, 
rapid high spikes or wave-spike combinations. Epilepsy is so varied in its 
phenomena that there is no definite correspondence between the different 
types of seizure and the different sorts of epileptic wave pattern, with the 
exception of the common finding of bursts of wave-spike combinations in 
the short lapses known as petit mal. The electroencephalogram is useful 
not only for the diagnosis of epilepsy but in the treatment of epilepsy, 

BRAIN WAVE PATTERNS 


Normal 


Slow Alpha 9-U per sec. 

1 • < a 0 y » 

Fast Beto 18-24 per sec 

Mixed Type 

* 

* 

t" 1 »*c t 

f 1 I 

1 isec t 


Abnormal 


IfMMillli 

Fast 16-22 per sec 

Mixed (Wave Spike) 



r »»*c f 

Found In 
[Fuquc States 

Epilepsy - sBehovlor Types 

[convulsions 

Deep Sleep 

Low Blood Sugar or Oxygen 

Deep Anoesthesio 

Severe Alkalosis 

Broin Tumor, Abscess, Hemotomo 
Encepholifis or Need Injury 

Some Psychoses 

Some Behavior Disorders 

Infoncy 

Found In 

^ .. /Convulsions (Grand Mol) 

Ep.I.psy - 

infiltroting Tumors 

Light Anoesthesio 

Some Psychoses 

Found In 

EpilepsyfLopses - (Petit Mal) 
[Convulsions 

Rare Tumors 


Fig. 2. — Schwab’s ^3 comparison of the more common patterns of normal and 
abnormal brain waves. In the abnormal group epilepsy gives the highest voltages 
(biggest “waves”), and they come in attacks. Sleep, coma, tumor, encephalitis, 
etc., are likely to have more continuous abnormal waves of less extreme voltage. 
Of course, the long, slow waves of sleep are a normal phenomenon and are 
classed under “abnormal” on the chart only because such waves would be very 
abnormal if produced by a person during a regular electroencephalographic test 
while awake. 


because the effect of drugs may be followed by making repeated electro- 
encephalograms and seeing which drug has the most effect in smoothing 

37. Gibbs, F. A. ; Gibbs, E. L., and Lennox, W. G. : Cerebral Dysrhythmias of 
Epilepsy; Measures for Their Control, Arch. Neurol. & Ps 3 xhiat. 39:298 (Feb) 
1938. 
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out the abnormal waves. In this way many weeks or months may be 
saved because the clinical observation of epileptic patients is a long, 
drawn-out affair. 

Lennox 2 calls epilepsy “paroxysmal cerebral dysrhythmia.” From 
the electroencephalographic point of view this is a good description and 
saves one from using the socially inacceptable word “epilepsy.” An 
abnormal shower of brain waves, however, does not cause an epileptic 
fit, any more than abnormal electrocardiographic waves cause angina 
pectoris. If one wishes tp speak accurately about causation, it is neces- 
sary to go back to some processes behind both the fit and the dys- 
rhythmia. The nerve impulse and the electrical change in potential 
(registered as a brain wave) are not identical. Just what the nerve 
impulse may be is not yet known, but it is a physiologic process with 
characteristics quite different from an electrical current. The brain, 
when functioning, produces changes in electrical potential, and these 
are recorded in the electroencephalogram, but this is not a record of 
nerve impulses. Some disorganization of the nerve impulses precipitates 
both the clinical fits seen and the brain waves registered. The ultimate 
cause is physiochemical and is unknown. 

Davis has reviewed the uses of the electroencephalogram, and 
Schwab has emphasized the main types of abnormality and their simi- 
larities to normal electroencephalographic phenomena. His diagram is 
reproduced here. Schwab’s emphasis is a good corrective for the too 
prevalent idea that now the diagnosis of neuropsychiatric disorders is 
made easy because abnormal brain waves are differentially diagnostic. 

Briefly stated, the electroencephalogram can record gross disorders 
of the function of the brain; the subtler changes are not shown or at 
least are not yet recognized. The abnormal brain waves can often be 
correlated with clinical and with autopsy data. This makes it probable 
that the abnormal waves are frequently related to cerebral lesions, but 
physiologically speaking, the electroencephalogram registers only func- 
tional changes in the brain. 

Massachusetts General Hospital. 


38. Davis, H. ; Electroencephalography, J. A. M. A. 117:983 (Sept. 20) 1941. 

39. Schwab, R. S.: M. Clin. North America 25:1477, 1941. 
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DEFINITION 

Obesity is that condition in which the body contains an abnormally, 
large amount of adipose tissue. The excessive fat may be evenly 
distributed or may be present to a much greater extent in some regions 
than in others. When the accumulation is sharply localized to one 
or more discrete encapsulated masses, one speaks of “lipomatosis” in 
contradistinction to “obesity,” 

WEIGHT 

Since the accumulation of adipose tissue causes a corresponding 
increase in weight, much effort has been directed toward establishing 
a weight which is best in regard to longevity and mental and physical 
fitness. 

Normal Weight . — The Child Health Association has compiled 
tables (tables 1 through 4) that give the average weight for height and 
sex of large numbers of healthy children from birth through the age of 
18 years. These tables are widely accepted as the most satisfactory 
standards. 

However, Fisk ^ has shown that the average weights of persons over 
30 years of age are too great as judged by life expectancy and has 
found that the average weight at 30 is the most desirable weight for the 
remainder of the life. Table 5, compiled by Fisk, is based on that 
principle. The heights include shoes, and the weights, clothes and food. 

Departures from these standards are sometimes condoned because 
of supposedly heavy bones, excessive muscular development or heredi- 
tary type, but according to Fisk, “Life insurance experience has shown 
that heavyweights, regardless of type and heredity, show an extra 
mortality.” 

Hazard of Overweight . — Dublin and Lotka^ have analyzed the 
influence of weight on the duration of life of 192,304 men aged 21 years 

1. Fisk, E. L. : Health Building and Life Extension, New York, The 
Macmillan Company, 1923. 

2. Dublin, L. I., and Lotka, A. J. : Length of Life, New York, The Roland 
Press Co., 1936. 
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or over when accepted for life insurance. The deaths per hundred 
thousand, age being disregarded, are given in table 6. 

Dublin and Lotka concluded that "the penalty of overweight is 
one-fourth to three-fourths excess in mortality." These studies become 
still more informative when they are related to age, since excessive 
weight carries a much greater risk in persons beyond 45 years of age 
than earlier (table 7). How great the risk is for the important years 
from 45 to 50 appears dramatically in table 8. It is startling to learn 

Table 1. — Weights of Girls from Birth to School Age 


Weight, Lb. 

A 


eight. 







-A 




— 



In. 

IMo. 

3 Mo. 

6 Mo. 

9 Mo. 

12 Mo. 

18 Mo 

24 Mo. 

30 Mo. 

36 Mo. 

48 Mo. 

60 Mo. 

72 Mo. 

20 

8 

.. 











21 

9 

10 

. . 

, . 









22 

10 

11 

, , 










23 

11 

12 

13 

4 . 









24 

12 

13 

14 

14 









25 

13 

14 

15 

15 









26 


15 

16 

17 

17 








27 


16 

17 

18 

18 








28 



19 

19 

19 

19 







29 



19 

20 

20 

20 







30 



21 

21 

21 

21 

21 






31 




22 

22 

23 

23 

23 





32 





23 

24 

24 

24 

25 




S3 






25 

25 

25 

26 




34 






26 

20 

26 

27 




35 






29 

29 

29 

29 

29 



36 







30 

30 

30 

30 

si 


37 







31 

31 

31 

31 

32 


38 








33 

33 • 

S3 

S3 


39 








34 

34- 

34 

34 

34 

40 









35 

36 

36 

36 

41 










37' 

37 

37 

42 










39 

39 

39 

43 










40 ' 

41 

41 

44 











42 

42 

45 












45 

46 












47 

47 












50 

48 




. 

.. 






, , 

52 


that a mere 25 pounds (11 Kg.) of extra weight lessens one’s life 
expectancy by 25 per cent. Fisk found likewise that persons in full 
middle life who weigh 20 pounds (9 Kg.) more than the average instead 
of 10 pounds (4.5 Kg.) less are- incurring an extra 25 per cent risk. 
In another place he pointed out that ‘'fifty pounds overweight at age 
forty^-five imposes as much extra mortality as valvular heart disease.” 

ETIOLOGY OF OBESITY 

Is There a Disorder oj the Utilization oj Energy ? — Because of the 
prevalence of the belief that some patients gain weight even though 
they do not overeat and that others do not lose when they are underfed. 
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there has been a continued search for some metabolic aberration in this 
disease. 

Basal Metabolism . — ^Early students found that pound for pound 
obese persons produce less heat in the resting postabsorptive state than 
do normal controls. Had they made the comparison on the basis of 
height, they would have found that the heat production of obese persons 
was greater than normal. But Rubner, Lusk and otjiers have demon- 
strated that the basal heat production of all mammals is proportional to 

Table 2. — Weights of Boys from Birth to School Age 


Weight, Lb. 


Height, 


In. 

IMo. 

3 Mo. 

0 Mo. 

9 Mo. 

12 Mo 

20 

8 





21 

9 

io 




22 

10 

11 

, , 



23 

11 

12 

13 



24 

12 

13 

14 



25 

13 

14 

15 

10 


26 


15 

17 

17 

18 

27 


10 

18 

18 

19 

28 



19 

19 

20 

29 



20 

21 

21 

30 



22 

22 

22 

31 




23 

23 

32 




24 

24 

33 





20 

34 






35 






30 






37 






38 






39 






40 






41 






42 






43 






44 






45 






46 






47 






48 

49 







Mo. 

24 Mo. 

30 Mo. 

3C Md. 

48 Mo. 

GO Mo. 

72 Mo 

20 







21 







22 

22 






23 

23 

24 





24 

25 

25 





26 

26 

26 

26 




27 

27 

27 

27 




29 

29 

29 

29 

29 




30 

31 

31 

31 




32 

32 

32 

32 

32 




33 

33 

33 

34 




35 

35 

35 

35 





30 

so 

so 

30 





38 

38 

38 





39 

39 

39 





41 

41 

41 






43 

43 






45 

45 






, , 

48 







50 






. . 

52 







52 


the surface area of the body and that no such relation exists when either 
weight or height alone is used as the basis of comparison. 

Benedict, using the statistical method, has published tables by which 
one can predict the basal metabolic rate of normal persons on the basis 
of age, height and weight. His values closely approximate those 
calculated by the surface area method. There is, then, no doubt about 
the range of basal heat production of normal adults. 

Subsequently, Boothby and Sandiford ^ measured basal heat produc- 
tion in 94 obese patients and found that in 81 per cent of them the rates 


3. Boothby, W. M., and Sandiford, I.; J. Biol. Chem. 54:783, 1922. 
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were within 10 per cent of the normal heat production per square meter. 
In 3 instances the rates fell between — 16 and — 20 per cent, and 
another patient produced heat at a rate more than 16 per cent above 
normal. 

^ Strouse, Wang and Dye^ compared the basal metabolic rates of 
normal persons with those of subjects who were underweight and over- 

Table 3. — Weights of Girls from Five to Eighteen Years 


Height, 

In. 








JLiU 







5 Yr. 

6 Yr. 

7Yr. 

8 Yr. 

9 Yr. 

10 Yr. 11 Yr. 12 Yr. 

13 Yr. 14 Yr. 15 Yr. 

16 Yr. 

17 Yr. 18 Y 

38 

S3 

S3 













39 

34 

34 













40 

36 

36 

36 












41 

37 

37 

37 












42 

39 

39 

39 












43 

41 

41 

41 

41 











44 

42 

42 

42 

42 











45 

45 

45 

45 

45 

45 










46 

47 

47 

47 

48 

48 










47 

49 

50 

50 

SO 

50 

50 









48 


52 

52 

52 

52 

53 

53 




• 




49 


54 

54 

55 

55 

56 

56 








50 


56 

56 

57 

58 

59 

61 

62 







51 



59 

60 

61 

61 

63 

65 







52 



03 

64 

64 

04 

65 

67 







. 53 



66 

67 

67 

68 

68 

69 

71 






54 




69 

70 

70 

71 

71 

73 

.. 





55 




72 

74 

74 

74 

75 

77 

78 





56 





76 

78 

78 

79 

81 

S3 





57 





80 

82 

82 

82 

84 

88 

92 




5S 






84 

86 

86 

88 

93 

96 

101 



59 






87 

90 

90 

92 

96 

100 

103 

104 


60 






91 

95 

95 

97 

101 

105 

lOS 

109 

in 

61 







99 

100 

101 

105 

108 

112 

113 

116 

62 







104 

105 

106 

109 

113 

115 

117 

118 

63 








no 

no 

112 

116 

117 

119 

120 

64 








114 

115 

117 

119 

120 

122 

123 

65 








118 

120 

121 

122 

123 

125 

126 

66 









124 

124 

125 

128 

129 

130 

67 









128 

130 

131 

133 

133 

135 

68 









131 

133 

135 

136 

138 

138 

69 









. . 

135 

137 

138 

140 

142 

70 










136 

138 

140 

142 

144 

71 









, , 

138 

140 

142 

144 

145 


weight. Per square meter of body surface they found practically no 
differences. 

/ Among 180 cases of extreme obesity Grafe ® found only 3 in which 
there was a definite decrease in basal metabolic rate. 

4. Strouse, S.; Wang, C. C, and Dye, M.: Studies on Metabolism of Obesity : 
Basal Metabolism, Arch. Int. Med. 34:275 (Sept.) 1924. 

5. Grafe, E.: Metabolic Diseases and Their Treatment, translated by M. 
G. Boise, Philadelphia, Lea & Febiger, 1933. 



Table 4.— Weights of Boys from Five to Nineteen Years 


Weight, Lb. 
^ 


Height, 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

In. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

Yr. 

/ 

Yr 

38 

34 

34 














39 

35 

35 














40 

36 

36 

. . 

. . 












41 

38 

38 

38 

. . 












42 

39 

39 

39 

39 












43 

41 

41 

41 

41 












44 

44 

44 

44 

44 












45 

46 

46 

46 

46 

46 











46 

47 

48 

48 

48 

48 











47 

49 

50 

50 

50 

50 

50 










48 

.. 

52 

53 

53 

53 

53 

. .. 









49 


55 

55 

55 

55 

55 

55 









50 


57 

58 

58 

58 

58 

58 

58 








51 



61 

61 

61 

61 

61 

61 








52 



63 

64 

64 

64 

64 

64 

64 







53 



66 

67 

67 

67 

67 

68 

68 







54 




70 

70 

70 

70 

71 

71 

72 






55 




72 

72 

73 

73 

74 

74 

74 






56 




75 

76 

77 

77 

77 

78 

78 

SO 





57 





79 

80 

81 

81 

82 

83 

83 





53 





83 

84 

84 

85 

85 

86 

87 





59 






87 

88 

89 

89 

90 

90 

90 




60 






91 

92 

92 

93 

94 

95 

96 




61 







95 

96 

97 

99 

100 

103 

106 



62 







100 

101 

102 

103 

104 

107 

111 

116 


63 







105 

106 

107 

108 

no 

113 

118 

123 

127 

64 








109 

111 

113 

115 

117 

121 

126 

130 

65 








114 

117 

118 

120 

122 

127 

131 

134 

66 









119 

122 

125 

128 

132 

136 

139 

67 









124 

128 

130 

134 

186 

139 

142 

68 










134 

134 

137 

141 

143 

147 

69 










137 

139 

143 

146 

149 

162 

70 










143 

144 

145 

148 

151 

155 

71 

* r 









148 

150 

161 

152 

164 

169 

72 










• • • 

163 

165 

156 

158 

163 

73 










. * • 

157 

160 

162 

164 

167 

74 










. . « 

160 

161 

168 

170 

171 


Table S . — Ideal Weights of Men and Women* 


Men 


Height 


Weight, 

Lb. 

Ft. 

In. 


5 

... 


... 126 

5 

1 ... 


... 128 

5 

2 ... 


... 130 

5 

3 ... 


... 133 

5 

4 ... 


... 136 

5 

5 ... 


... 140 

5 

6 ... 


... 144- 

5 

7 ... 


... 148 

5 

8 ... 

' 

... 1n2 

5 

9 ... 


... 156 

5 

10 ... 


... Ifil 

5 

11 ... 


. . ITifl 

6 



... 179 

6 

1 ... 


... 178 

6 

2 ... 


... 184 

6 

3 ... 


... ipo 

6 

4 ... 


..I Iprt 

6 

0 • • • 


... 201 


Women 

/ ' 

Height 

A 

rt. In. 


Weight, 

Lb. 


4 8 

4 9 

4 10 

4 11 

5 

5 1 

5 2 

5 3 

5 4 

5 5 

5 6 

5 7 

S 8 

5 9 

5 10 

5 11 

6 


112 

114 

116 

118 

120 

122 

124 

127 

aai 

134 

138 

142 

146 

160 

154 

157 

161 


* Adapted from Fisk.^ 
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The occasional moderatel}^ low rate (from — 15 to — 25 per cent) 
exhibited by an obese person does not contribute to the understanding 
of obesity, since equally low rates are encountered as frequently among 
health)’’ persons. 

The few obese persons whose basal metabolic rate is low enough 
to be definitely pathologic will be found to be suffering from some 

Table C— Influence of Weight on Mortality; Deaths per Hundred Thousand 

Men Accepted for Insurance 


Weight . Deaths 

Standard 844 

Undenveight, total 848 

Overweight, total IjH 

Underweight, 5-14% 833 

Underweight, 15-34% 913 

Overweight, 5-14% 1,027 

Overweight, 15-24% 1,215 

Ovenveight, 25% or more 1,472 


Table 7. — Influence of Weight on Mortality as Modified by Age, Deaths per 

Hundred Thousand 


Age, Yr. 

, ’ . 

Weight Under 45 Over 45 

Standard 463 1,308 

Underweight, total 498 1,874 

Overweight, total 587 1,884 


Table 8. — Influence of Overweight on Mortality 


Pounds Overweight 

10 

20 

30 

40 

50 

GO 

70 

90 


in Persons Aged 45 to 50 Years 


Increase in Death Bate 
Over Average, % 

8 

18 

28 

4a 

58 

67 

81 

116 


disease in which adiposity is a complication or an unrelated accompani- 
ment and not the primary abnormality. Myxedema is the most frequent 
of the diseases characterized by low metabolic rates. A discussion of 
its relation to weight will be found on pages 1058 to 1073. 

These and many other studies lend ovenvhelming support to the 
statement that obesity is not caused by lessened expenditure of energ)^ 
in the basal state. In fact, an obese person produces more heat than 
a normal person of corresponding age, height and sex. While both will 
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produce the same number of calories per square meter of body surface 
per unit of time, the obese person has a larger surface, and therefoie the 
total heat produced by the obese person in the basal state is greater 
actually than the total basal heat produced by the normal person. 

Strang and Evans® made careful measurements of the basal 
metabolic rates of 5 obese women, and the average values are compared 
in table 9 with the predictions for a normal woman of the same average 
age. 

In order to emphasize the large expenditure of energy of an obese 
person in the basal state the authors gave the following hypothetic 
example: An obese woman aged 49, ‘5 feet (152 cm.) tall, weighs 294 
(133 Kg.) pounds. Her surface area accordingly will be 2.2 square 
meters. Her heat production will be 77 calories per hour. In order 
to produce the same amount of heat in the basal state a normal man of 
the same age would have to be 6 feet 1 inch (185 cm.) tall. 

Specific Dynamic Effect . — If the heat production of a person who 
has been without food for twenty hours and who has been reclining 


Table 9. — Total Basal Heat Production (Calories^ of Five Obese Women 

Compared With Ideal Values 



Weight, 

Surface Area, 

Oalories/Sq. Total No. of 


Lb. 

Sq. M. 

M./Hr. Calories/Hr. 

Ideal 


1.69 

36,5 58 

Observed 


2.06 

85.5 73 


quietly and comfortably for a half hour (basal state) is carefully 
measured and he is then fed, he will shortly produce more heat per 
unit of time than he did in the fasting state. This response is not caused 
by digestion or absorption, since it is equally great after the intravenous 
injection of dextrose or some of the amino acids that result from the 
digestion of protein. The extra heat amounts to 200 to 300 calories 
in the ensuing twenty-four hours. If some metabolic fault prevented 
or greatly lessened this specific response to food, the person so afflicted 
would gain weight, provided he continued to partake of the same amount 
and the same kind of food and provided he did not increase his activity. 
His appetite might, however, direct him to eat less, since he needed less, 
and in that case his weight would not increase. Several students, 
without making any allowance for the second alternative, have attributed 
obesity to lessened specific dynamic effect of food. 

Many attempts -have been made to show that the caloric response 
to food is controlled by the hypophysis. Thus Plaut " stated, as a result 
of her studies, that a normal basal metabolic rate, coupled with a 

6. Strang, J. M., and Evans, F. A.: J. Clin. Investigation 6:277, 1928. 

7. Plaut, R.; Deutsches Arch. f. klin. Med. 139:285, 1922. 
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lowered specific dynamic response to protein, is characteristic o£ disease 
of the hypophysis. ’Using these criteria, she expressed the belief that 
she ® was able to show that in certain cases obesity was caused by hypo- 
function of the pituitary. Kestner, Knipping and Liebesny subsequently 
published man}'- determinations that seemed to confirm her work. The 
technic employed by these investigators has- been criticized by a number 
of workers. Durr,'’ for example, pointed out that a normal person 
exhibited no response to food in three hours and a response of only 18 
per cent in five hours. Lauter in careful studies found that the 
specific dynamic response of normal subjects varies so widely that only 
its total absence is of diagnostic significance. Gaebler,^^ working in 
Lusk’s laboratory, found that dogs from which the hypophysis had been 
removed responded normally to a standard protein meal. 

Because of the disagreement Johnston reinvestigated this question. 
She restricted her studies to patients in whom destructive diseases of 
the pituitary were demonstrated, usually by operation or at autopsy. 
She obtained large responses in all cases (18 to 28 per cent), and 
pointed out that it was not possible ‘to secure uniform results in human 
beings. She found it impossible to obtain a consistent response to 
sucrose or aminoacetic acid in a normal subject maintained on a constant 
diet. This again emphasized the caution with which small responses 
must be interpreted. 

Later work suggests that the liver is responsible for the increased 
heat liberated during the metabolism of protein. Bollman and Magath 
showed that deaminization took place in the liver, and later, Wilhelmj 
and Mann found that administration of amino acids to hepatectomized 
dogs did not increase the heat production. Finally, Dock,^® by excluding 
various portions of the bodies of rats from the circulation, found that at 
least 85 per cent of the specific dynamic heat was liberated in the 
abdominal viscera. He concluded that at least 80 per cent of the specific 
effect is due to the increased heat produced by the hepatic cells during 
protein digestion. 

The relation of the specific dynamic effect to the obese state has 
been studied so painstakingly and comprehensively by Strang and 
McClugage that their results may be accepted with great confidence. 
They emphasized that the base line, that is, the value of the basal 
metabolism, is the most important feature of the test. Earlier workers 

8. Plaut, R. : Deutsches Arch. f. klin. Med. 142:266, 1923. 

9. Diirr, R. : KHn. Wchnschr. 4:1496, 1925. 

10. Lauter, S. : Deutsches Arch. f. klin. Med. 150:315, 1926. 

11. Gaebler, O. H.: J. Biol. Chem. 81:41, 1929. 

12. Johnston, M. W. : J. Clin. Investigation 11:437, 1932. 

13. Bollman, J. L., and Magath, T. B.: Am. J. Physiol. 78:258, 1926. 

14. Wilhelmj, C. M., and Mann, F. C. : S. Qin. North America 9:829, 1929. 

15. Dock, W.: Am. J. Physiol. 97:117, 1931. 

16. Strang, J. M., and McClugage, H. B. : Am. J, M. Sc. 182:49, 1931. 
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have failed to train their subjects sufficiently. Strang and McClugage 
have repeated basal determinations until uniform results were obtained. 
In order to make a test acceptable they demanded that the basal calories 
on the test day must vary less than 2 calories from the average of 
measurements within fourteen days. On this basis. they rejected ten 
of their twenty-five determinations. They pointed out the fallacy of 
the usual way of expressing the specific effect as a percentage of the 
basal calories. For example, a 10 calory increase attributable to food 
when the subject is producing 60 calories per hour in the basal state is 
an increase of 16 per cent, but the same specific increment with a basal 
heat production of 90 calories is an increase of only 11 per cent. Since 
obese persons produce more heat in the basal state than do normal 
persons, the same absolute response to a test diet may appear to be low 
in obese persons when the percentile method of comparison is used. 

It is likewise misleading to express the response to a test diet in 
terms of surface area. Thus an increment of 10 calories due to food 
in a person whose surface area is 1.67 square meters gives an increase 

Table 10. — Specific Dynamic Effect of Food 

Individual Variation in Average No. 


Type of Subject No. of Calories of Calories 

Normal 43 to 61 51 

Obese 44 to 74 58 

Thin 69 to 78 67 


of 6 calories per square meter, whereas if the surface were 2.2 square 
meters, as is common in obese persons, the increase would be only 4.5 
calories per square meter. Hence, the same absolute increase in the 
heat results in an apparent depression for obese subjects. 

These workers emphasized the irregularity of the response to food 
when viewed from hour to hour and were in agreement with Benedict 
and Carpenter that a true appreciation of the thermal effect of a meal 
is obtained by focusing the attention on the total increment. 

With these considerations in mind, Strang and McClugage studied 
5 normal, 5 thin and 8 obese persons. The total increment for the eight 
hours following the ingestion of the test meal will be found in table 10. 

These studies have been described in considerable detail with the 
hope of convincing the reader that the acquisition of adiposity cannot be 
attributed to a lessened specific dynamic effect of food. 

Luxuskonsmnption . — Grafe and Graham have maintained that in 
addition to the specific dynamic response, which comes to an end in 

17. Benedict, F. G., and Carpenter, T. M. : Food Ingestion and Energy Trans- 
formations with Special Reference to the Stimulating Effect of Nutrients, Pub- 
lication 216, Carnegie Institution of Washington, 1918. 

18. Grafe, E., and Graham, D.: Ztschr. f. physiol. Chem. 73:1, 1911. 
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twelve hours or less, the heat production of the organism throughout 
the twenty-four hours is influenced by the quantity of food eaten. 
Leaving the increases that accompany activity and the specific dynamic 
effect out of consideration, they expressed the belief that the intensity of 
the metabolism is stimulated by generous (excessive) feeding and 
depressed by meager supplies of food. Such a mechanism would tend 
to maintain constancy of weight. Obesity would develop when the 
mechanism failed to respond to overeating, and leanness would be the 
result of abnormally great responses. 

Grafe expressed the belief that he has demonstrated the existence 
of this mechanism by recording the heat production in the resting 
fasting state following various types of feeding. He denied that the 
basal metabolic rate of an animal is predictable from its surface area 
because it is significantly affected by the calorific value of the food 
previously ingested. He thus set aside the classic experiments of 
Rubner, Lusk, Benedict and many others, who have shown that all 
mammals produce heat at approximately the same rate per square meter 
of body surface when they are in the basal state. This generalization 
has been refined for the human being, for whom it has been established 
that slight modifications need to be made for age and sex. Many 
thousands of determinations have proved that the basal heat production 
per square meter per hour by a normal person can be predicted with 
great accuracy without any knowledge of what he has been eating during 
the preceding days. 

It has also been well established that the basal oxidatwe rate is 
greatly depressed by prolonged severe underfeeding. Zuntz,^® for 
example, showed that the decrease might amount to as much as 30 per 
cent of the normal value. The organism does then possess a mechanism 
that retards the destruction of body tissues when it has to contend with 
starvation. But this phenomenon seems to bear no relation to Grafe’s 
concept that the lean organism is so because it overoxidizes an otherwise 
adequate supply of food or that adiposity represents underoxidation. 
It should be recalled that the careful studies of Boothby and Sandiford ® 
have demonstrated that the basal metabolic rate of an obese person is 
normal. 

Grafe and Koch reported a study on a patient whose normal weight 
was 62.6 Kg. and whose height was 156 cm. Because of stenosis of 
the pylorus accompanied by persistent vomiting his weight had fallen 
to 40 Kg. In this emaciated condition he produced 30 calories per 
square meter per hour in the resting fasting state. The prediction for 
a man of his age and height and of normal weight is 39 calories per 
square meter. Relief of the stenosis and subsequent feeding of 100 

19. Zuntz, N. : Biochem. Ztschr. 55:341, 1913. 

20. Grafe, E., and Koch, R. ; Deutsches Arch. f. klin. Med. 106:564, 1912. 
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calories per kilogram brought his weight up to 60 Kg. , He then pro- 
duced 40.7 calories per square meter, which was within 3 per cent of 
the prediction for a man of his age and height and of normal weight. 
This study merely confirmed Schdndorff’s earlier work that starvation 
depressed the basal metabolism. Grafe did not present any data to 
support his contention that continued superalimentation was capable of 
causing the oxidations to proceed at a rate greater than normal. 

The reader will recall that Grafe had said that the normal organism 
maintains a constant weight in spite of overfeeding because the extra 
food stimulates the total metabolism to such an extent that the excess 
is oxidized, but he did not publish any data that dealt with total heat 
production throughout the twenty-four hours. In order to test Grafe’s 
postulate, Wiley and Newburgh studied the responses of 'a thin person 
by means of a method recently developed by them for determining 
the total heat production for any desired length of time. 

The subject was 28 years old, 6 feet (183 cm.) tall and weighed 
45 pounds (20 Kg.) less than normal. For the first eighteen days he 
was fed a constant diet that yielded 2,922 calories daily. During this 
same period the twenty-four hourly heat production averaged 2,947 
calories. His weight at the beginning was 57,562 Gm., and at the end 
it was 57,548 Gm. He was then fed a diet that yielded 4,755 calories 
daily. This was an increase of 1,833 calories. During the fifteen days 
the latter diet was taken the subject gained 4,410 Gm. (nearly 10 
pounds). Heat production per twenty-four hours in the second 
period averaged 3,082 calories. Accordingly, he produced 135 more 
calories when he was ingesting about 5,000 calories than when he took 
about 3,000 calories, an increase of 4.5 per cent in total metabolism. 
The increase in the surface area that accompanied the increase in weight 
accounted for 68 extra calories and the additional carbohydrates and 
fat could be expected to increase the specific dynamic eflfect of the second 
diet by 85 calories, according to a calculation by Lusk.^^ Accordingly, 
the predicted increase in heat production during the second period 
without recourse to Luxuskonsimiption is 153 calories, whereas the 
actual increase was only 135 calories. When the subject was partaking 
of the smaller diet, the fasting resting heat production was at the rate 
of 35.5 calories per square meter per hour. At the end of the period 
of overfeeding he produced 36.9 calories under the same conditions. 
The difference of 1.4 calories is not significant. There is, then, no 
evidence that either the basal or the total metabolism was stimulated 
by superalimentation. 

21. Schondorff, B.: Arch. f. d. ges. Physiol. 67:430, 1912. 

22. Wiley, F. H., and Newburgh, L. H.: J. Clin. Investigation 10:733, 1931. 

23. This method is described in the section dealing with the total metabolism 
of obese persons. See page 104S, 

24. Lusk, G.: J. Nutrition 3:519, 1931. 
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Total Metabolism . — It has repeatedly been observed that some obese 
patients who are receiving only minimal quantities of food fail to lose 
weight. Von Noorden^® reported such experiences many years ago. 
More recently Grafe ® has published several striking examples, one of 
which is reproduced here in part. 

The patient, aged 38, was 5 feet, 4 inches (163 cm.) tall and weighed 378 pounds 
(171 Kg.). She became stout at 10 years of age. When she was 20 years old, 
she weighed 176 pounds (80 Kg). She married at this time. Subsequently, she 
gave birth to 4 babies and gained weight after each delivery. When first seen 
by Grafe she exhibited enormous adiposity of the trunk, legs and upper arms. 
During the first month of treatment she lost 30 pounds (14 Kg). Then without 
change in treatment the loss of weight gradually diminished, and finally, for two 
weeks there was no loss at all. The weight remained stationary at 341 pounds 
(155 Kg.). During these two weeks her diet contained 647 calories, and the 
basal metabolism was 2,000 calories. . Grafe calculated that the daily caloric deficit 
was about 2,000. In addition to the restricted diet her fluid intake was limited 
to about 500 cc. daily. Under these circumstances the body should have lost 8.5 
pounds (4 Kg.) of adipose tissue during these two weeks. Even though the 
patient received four injections of mersalyl solution and 3 to 8 mg of thyroxin 
daily, the volume of urine was small, averaging 500 cc. daily. She continued the 
treatment at home in a little milder form and lost 13 pounds (6 Kg.) in the next 
few weeks. 

This capacity to resist loss of weight in spite of the most rigorous 
treatment has given rise to much speculation and confusion. To many 
physicians it has seemed useless or even cruel to continue to underfeed 
patients of this type, since they seemed to be doomed to hopeless 
adiposity. 

Wiley and I have seen many examples of this phenomenon. Such 
paradoxic conduct might arise from some obscure metabolic abnormality 
that permits conservation in the utilization of energy. In that case, 
the total heat production would be strikingly less than normal. But 
no measurement of the twenty-four hour expenditure of energy had 
been published prior to our reports. Such patients might have been 
studied in a respiration chamber for one or possibly a few consecutive 
days. But the restricted activity and short intervals of time imposed 
by the chamber made that method of doubtful value for this special 
purpose. We accordingly investigated the feasibility of calculating the 
dissipation of energy for any desired length of time and without curtail- 
ment of activity from the insensible loss of weight, since Benedict and 
Root had recently shown that there is a quantitative relation between 
the hourly insensible loss and the basal metabolism. 

25. von Noorden, C. ; Die Fettsucht, Vienna, Alfred Holder, 1910. 

26. Benedict, F. G., and Root, H. F.; Insensible Perspiration: Its Relation 
to Human Physiology and Pathology, Arch. Int. Med. 38:1 (July) 1926. 
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The method is based on the following considerations : It is well 
known that evaporation of water from the skin and lungs is one of the 
mechanisms by which the body rids itself of heat. This portion of the 
outgoing heat is removed at the rate of 0.58 of a large calory per gram 
of water vaporized. If an accurate procedure can be devised for the 
calculation of the weight of the water vapor and if the organism loses 
a fixed percentage of the heat of its metabolism by vaporization of 
water under a wide variety of conditions, a method will be at hand for 
measuring the total heat production day after day. 

The direct measurement of water vapor is difficult. However, since 
the water vapor always accounts for the greater part or all of the 
insensible loss of weight, the possibility of calculating it from the latter 
exists. 

The insensible loss of weight is easily obtained by substitution in 
the following equation: I.L. = (initial body weight + ingesta) — 
(final body weight + urine -f- stool), where I.L, is insensible loss of 
weight. And the composition of the insensible loss of weight is 
accurately defined in the following equation: 

I.L. = I.W. -f CO. — O. 

I. W. represents the weight of the water vapor or insensible water, and 
CO, and O 2 are the weights of the two respiratory gases. It must be 
understood that insensible water means only that water which leaves 
the body in the form of vapor. The water vapor is always the largest 
part of the insensible loss of weight and may be the whole of it, as 
already noted. 

In order to derive the weight of the water vapor from the insensible 
loss of weight, one must determine the weight of carbon dioxide and 
oxygen for the period. 

To determine wdiether a fixed percentage of the total heat was 
removed through vaporization during consecutive twenty-four hour 
periods by men and women who continued to lead their usual lives, we 
proceeded as follows (table 11, first group) ; The subjects were asked 
to adjust their clothing to avoid conscious discomfort from heat and 
cold and to forego strenuous exercise, such as handball. The experi- 
ments were conducted during the winter months. The subjects spent 
most of their waking hours in buildings 'heated to the usual temperature, 
and each of them was out of doors several times each dav for a few 
minutes at a time. They all slept with the windows of the bedroom 
open. Two of the subjects were diabetic. The remainder of the group 
were normal young men and women busily occupied with care of 
patients or with work in a laboratory. The weight of each person, nude 
and in the fasting state, was recorded each morning at the same time on 

27. Newburgh, L. H.; Johnston, M. W.; Lashmet, F. H., and Sheldon. J M • 

J. Nutrition 13:203, 1937. 
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a balance sensitive to 1 Gm. The prescribed diet was prepared and 
weighed in the special diet kitchen of the hospital. The food used varied 
from day to day. The weights of the urine and the stool were determined 
each twenty-four hours. 

These experiments were based on the following concepts: A well 
nourished adult who is following a routine of life and who is fed a fixed 
diet, the calorific value of which approaches his maintenance require- 
ment, will shortly establish nitrogen balance. In addition, the glycogen 
store in the liver will come into balance with the carbohydrate of the 
diet. Thereafter, the person will oxidize carbohydrate in the amount 
supplied by the diet provided the time interval under consideration is 
not too brief. It was not expected that this principle would hold for 
each cycle of twenty-four hours, but that the subject would be in carbo- 
hydrate balance if each period lasted one week. Under these circum- 
stances, change in body weight could be attributed to deposition or 
loss of adipose tissue, provided the observations of any subject were 
continued for several weeks. When the record was completed, the 
average daily metabolic mixture would correspond with the diet except 
that any change in body weight over the whole period would have to 
be reduced to a daily average and then 90 per cent of it either added to 
or subtracted from the dietary fat.-® The calories of the diet thus 
corrected were taken to be the dail)^ heat production of the subject. 

Having arrived at the metabolic mixture, we could calculate the 
production of carbon dioxide and the absorption of oxygen. Since the 
insensible loss of weight had been determined for each twenty-four 
hours, the weight of the insensible water could be derived by means of 
the equation I.W. = I.L. — (CO, — O,). 

When the insensible water is known, the heat removed by it is simply 
I.W. X 0.58. From this value and the heat production the percentage 
of heat removed by the vaporization of water was calculated by means of 
the expression j X 0 58 

heat production 

In order to arrive at a diet that would suit our purpose, we fed what 
experience led us to believe was a maintenance diet, measured the 
insensible loss of weight daily for at least one week, calculated the gaseous 
exchange for that diet, derived the insensible water and assumed that 
24 per cent of the heat was removed by vaporization. The final 
diet was then constructed to contain the number of calories indicated 
by this approximation to the subject’s heat production. However, in the 
case of the 2 diabetic subjects it was not necessary to use a circuitous 
method to arrive at the materials oxidized, since both had been living 

28. Since adipose tissue contains 10 per cent water and dietary fat is expressed 
in anhydrous terms, 90 per cent of the change in weight is used. 
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on carefully prescribed, weighed diets for years and had long since come 
into balance. 

Table 11 shows the average percentage of the total heat lost through 
evaporation of water by each subject. 

The first group of 7 adult persons, whose lives were restricted only 
in the few important ways just noted, showed a striking tendency to rid 
themselves of the same proportion of the heat of their metabolism by 
vaporization of water. The average value for the group was 24.4 per 
cent. The individual values varied from 23.8 to 25.2 per cent. 

To obtain greater accuracy when the second group of subjects was 
studied, the nitrogen exchange was actually determined and the diets 
were restricted to a few foods the composition of which showed little 
tendency to var 3 c 

Table 11. — Average Percentage of Total Heat Lost by Evaporation of Water 


Heat Lost by 


Subject 

Period, 

Age, 


Evaporation 


No. 

Days 

Yr. 

Sex 

of Water, % 

Couiinent 




First Group 


1 

72 

56 

M 

23.8 

Diabetic patient 

3 

5 

SO 

M 

24.2 

Diabetic patient 

3 

IS 

28 

il 

24.2 

Chemist 

4 

44 

24 

P 

24.4 

Chemist 

5 

35 

25 

M 

24.1 

Medical student 

6 

68 

23 

M 

24.7 

Graduate student 

7 

72 

24 

M 

25.2 

Graduate student 




Second Group 

. 

8 

145 

24 

M 

24.2 

Student 

g 

30 

18 

M 

24.3 

Patient in bed 

10 

30 

15 

M 

24.8 

Patient in bed 

11 

30 

18 

M 

24.8 

Patient in bed 

12 

25 

47 

M 

24.7 

Patient in bed 


The second, third and fourth subjects were youths aged 15, 18 and 19 
who were convalescent from minimal tuberculosis of the lungs but who 
were still confined to bed. None of them had fever, and they felt well. 
They lost, respectively, 24.3, 24.8 and 24.8 per cent of the total heat 
produced by vaporization of water. 

The last subject, a man 47 years of age, was in the hospital because 
of Meniere’s disease. He had no attacks during the study. The data 
obtained on this patient are especially valuable, since he was being 
underfed and lost 1,787 Gm. in the twenty-five days of observation. The 
calculation was further complicated by a negative nitrogen balance of 
1.36 Gm. daily. Nevertheless, the calculated percentage of heat lost 
by the vaporization of water was 24.7, even though the metabolic mixture 
was vastly different from the diet. 

The average value for this second group was 24.6 per cent. Hence, 
the response of these subjects, all but 1 of whom remained in bed, was 
nearly the same as that of the first group, in which the subjects ’were 
leading active lives. 
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The uniformity of performance of these 12 persons indicates that man 
displays a strong tendency to rid himself, by vaporization of water, of 
one fourth of the heat being produced within his body, provided he is 
comfortable in regard to his environment. These studies also show that 
this tendency is maintained even when there are large differences in the 
total amount of heat being removed (2,200 calories to 3,600 calories). 

However, since I have thus far been dealing with averages of per- 
formances these data give one no information about the extent of the 
day to day variation in the percentage of heat removed by vaporization 
of water. In order to obtain information about this question, we made 
use of a large respiration chamber. It was merely necessary to add to its 
equipment a balance capable of weighing a human being to 1 Gm. 

In addition to obtaining the insensible loss of weight, we determined 
the production of carbon dioxide, the absorption of oxygen and the uri- 
nary excretion of nitrogen. This permitted us to calculate the weight of 
the water vapor by means of the equation I. W. = 1. L. — (COg — O,) 
and the heat lost by vaporization of water (I. W X 0.58). 

From the carbon dioxide, oxygen and urinary nitrogen we calculated 
the heat production by the standard procedure. 

Next we compared the heat production determined by indirect 
calorimetry with the value derived from the insensible loss of weight. 
To make the latter calculation the composition of the metabolic mixture 
needed to be ascertained. The urinary nitrogen was used as a measure 
of the protein. It was assumed that the carbohydrate oxidized equaled 
the carbohydrate of the diet. The fat of the metabolic mixture was 
calculated by means of an equation suggested by Lavietes.^® Its deriva- 
tion follows : I. L. = I. W. + CO 2 — O 2 

I. W. X 0.58 X == Calories 
0.58 X 2.32 

j -t ^ Calories 

Calories = 4.1 C 26.5 N -j- 9.3 F 
C represents carbohydrate ; N, urinary nitrogen, and F, fat. 

(CO 2 — O 2 ) = 0.41 C -f 0.84 N — 0.08 F 

I. L. = ^ ^2 32^ — + 0.41 C -f 0.84 N — 0.08 F 

I. L. = 1.77 C -f- 11.42 N + 4.009 F -f 0.41 C -H 0.84 N — 0.08 F 

1. L. = 2.18 C + 12.26 N 3.93 F 

Tj' T T (2.18 C -j- 12,26 N) 


29. Lavietes, P. H. : J. Clin. Investigation 14:57, 1935. 

30. It is assumed that 25 per cent of the heat produced is lost by vaporization 
of water. 

31. “Calories” indicate total heat production for the period. 
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The heat produced by the oxidation of protein, carbohydrate and fat 
was determined by multiplying them by their calorific values. The total 
heat is the sum of these three values. 

We performed 39 experiments each lasting twenty-four hours, on 9 
young men and women. Each subject was studied two or more times. 
One of them was in the third trimester of normal pregnancy. The 
remainder were presumably healthy persons leading active lives. 

The variation in the heat lost by vaporization of water during single 
twenty-four hour periods was from 21.2 to 27.7 per cent. The average 
value was 25.1 per cent. 

When the mean values of the twenty-four hour periods for each 
of the 9 subjects are examined, it is found that they all fall within the 
limits of 24.0 and 25.8 per cent. The close agreement of the average 
performances of the 9 subjects emphasizes the desirability of using the 
mean of several twenty-four hour periods whenever heat production is 
calculated from insensible loss of weight. 

These experiments have demonstrated that the calculation of heat 
from insensible loss may be satisfactorily carried out on persons who 
continue to lead their customary lives provided they do not indulge in 
strenuous exercise or heavy manual labor. The advantage of measuring 
heat in this way is that it permits one to obtain a continuous record for 
as many consecutive days as is desired. 

By means of this method we have recorded the heat production of a 
number of obese persons consecutively for several weeks and sometimes 
even for months. We have included subjects with various types of 
obesity described in the literature ; that is (1) a person physically normal 
except for obesity who frankly admitted years of gluttony, (2) a feeble- 
minded girl with a low basal metabolic rate, (3) a girl with disease of the 
pituitary and a basal metabolic rate 30 per cent below normal; (4) a 
middle-aged woman whose weight had reached 295 pounds (134 Kg.) 
after an operation on the hypophysis eight years earlier; (5) a young 
woman suffering from so-called “Dercum’s disease” ; (6) a middle-aged 
woman 5 feet 2 inches (157 cm.) tall whose weight had reached 420 
pounds (191 Kg.) (menopausal obesity). In no case did we find any- 
thing unusual about the total metabolism. These patients certainly did 
not exhibit any capacity to live at a lesser expenditure of calories than 
normal persons. In fact, just the opposite was true for the patients who 
were active. The total expenditure was large and indicated that they 
produced considerably more heat than persons of the same height, age 
and sex whose weight was normal. Our data are entirely in accord 
with those of Lauter,®^ found that an obese subject requires more 
energy to perform a given piece of work than does a normal control. 

32. Lauter, S. : Klin. Wchnschr. 5:1695, 1926. 
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Water Balance . — In spite of the large expenditure of energ}^ we 
repeatedly encountered periods lasting for a number of days during 
which the patients failed to lose weight, even though the calories of the 
diet were far less than the dissipation of heat. A good example of this 
phenomenon is illustrated by figure 1. The patient was a young woman 
who weighed 275 pounds (125 Kg.) when she entered the hospital. Her 
basal metabolism, which was normal, amounted to 2,100 calories per 
twenty-four hours. Throughout the study she remained in bed. In spite 
of the inactivity the total twenty-four hourly heat production averaged 
2,800 calories. 

She received a diet that yielded 1,600 calories daily. She was 
accordingly compelled to oxidize enough body tissue to 3deld 1,200 
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Fig. 1. — In spite of underfeeding that caused a destruction of body tissue the 
weight of which amounted to 150 Gm. daily, the patient weighed approximately as 
much on the tenth day as she did on the first one. Thereafter, she lost weight 
much more rapidly than could be explained by destruction of body tissue. This 
biphasic response to underfeeding suggests that the water content of the organism 
first becomes abnormalh”^ large and then recedes to the normal amount. 

calories daily. The weight of this tissue was obtained as follows: The 
patient was placed, on the experimental diet one week before the observa- 
tions began, in order to reduce the carbohydrate stores of the body to 
the low level after which no more of it would be oxidized to supplement 
the dietary deficiency. Thereafter, the whole of the caloric deficit was 
supplied by oxidation of body protein and fat. The amount of body 
protein destroyed was obtained by subtracting the sum of the urinary and 
the fecal nitrogen from the nitrogen of the diet and multiptying the 
difference by 6.25. The number of calories derived from body protein 
was then subtracted from the total caloric deficit to give the calories 
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yielded b}'’ oxidation of body fat, and the value thus obtained was divided 
by 9 to give grams of fat. Knowing the grams of pure protein and fat 
oxidized, we needed to convert these materials to the conditions in which 
they existed in the body in order to arrive at the total weight of the 
tissues destroyed. Protein in the living organism is associated with three 
times its weight of water and fat with one-tenth its weight. When the 
protein and fat are oxidized, this water is released and excreted. The 
weight of the tissues destroyed is accordingly the sum of the weights 
of the hydrated protein and fat. This weight may be subtracted from 
the weight of the subject at the beginning of the experiment and indicates 
what he must have weighed on any day if nothing else had intervened 
to disturb these simple relations. This hypothetic weight is represented 
in the diagram by the broken line and indicates that about 150 Gm. of 
body tissue were destroyed daily. The solid line is the actual day to day 
weight of the patient. In spite of the underfeeding, the patient weighed 
approximately as much on the morning of the tenth day as she did on the 


Table 12. — Water Balance 


Water .Available 

Water Exereted 

In food 

In urine 

In drink 

In stool 

By oxidation 

Insensibly 

From integral combination with 


tissues (preformed water) 



first. In fact, she actually gained weight the first and the second day. 
This capacity to resist loss of weight, even though body tissues are 
certainly being oxidized and the end products excreted, may last for two 
weeks or longer. But whatever the duration, it always gives way to a 
subsequent rapid loss of weight greatly in excess of the weight of the 
tissue destroyed. In the diagram it will be seen that this patient lost 
as much weight in three days (tenth, eleventh and twelfth) as she was 
expected to lose in twelve days because of destruction of body tissue. 

It seemed to us, a priori, that this phenomenon might be caused by a 
retention of water subsequently followed by excretion of the excess. 
Accordingly, we undertook a study of the water balance.®^ 

Table 12 shows the various items that go to make up such a balance. 

The moisture content of the food, the urine and the stools and the 
weight of water drunk are determined by standard laboratory methods. 
The weight of the insensible water is calculated from the insensible loss 
of weight, as previously described (page 1046) . The water of oxidation 
is that water which arises from the oxidation of the metabolic mixture. 
The method for calculating the latter from the insensible loss of weight 


33. Wiley, F. H., and Newburgh, L. H.: J. Clin. Investigation 10:723, 1931. 
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and the excretory nitrogen has already been described. When it is known 
how much carbohydrate, protein and fat have been metabolized, the water 
produced by this process is calculated by multiplying by the factors 0.6, 
0.4 and 1.07, respectively. The preformed water is that water which 
forms an integral part of living tissue. When body tissue is oxidized, 
its water is released and is added to the mobile water of the body, just 
as if it had entered through the digestive tract. When the data are 
collected from subjects who are being underfed, the body stores of 
carbohydrate will be so depleted after a few days that no more of it is 
available to make up the caloric deficit and thereafter it must be derived 
entirely from protein and fat. The method of calculating the number 
of grams of body protein and fat destroyed has already been described 
(page 1050). 

In order to control our work we first studied the water relations in a 
normal subject while he was being underfed. For the sake of unifonnity 

Table 13 . — Concealment of Destruction of Tissue by Retention of Water 


Change In Weight Weight of Body Water 


Day of of Subject, Tissue Pestroyed, Balance, 

Experiment Gm. Gm. Gm. 

1 +285 90 +SC9 

2 —225 90 —105 

3 + 65 90 +149 

4 —125 90 — 41 

5 +115 90 +19S 


Totals +116 450 +570 


he remained in bed except when he took a few steps to the scale or the 
commode. To minimize error we restricted his diet to milk, sugar and 
water. He received 63 Gm. of protein, 26 Gm. of fat and 148 Gm. of 
carbohydrate, yielding 1,078 calories. He produced 1,688 calories daily, 
derived from 69 Gm. of protein, 91 Gm. of fat and 148 Gm. of carbo- 
hydrate (averages for each twenty-four hours). Consequently, he 
destroyed 6 Gm. of body protein and 65 Gm. of body fat each twenty- 
four hours. The combined weight of these two substances in their 
hydrated living state is 95 Gm. 

It was soon noticed that this man, even though normal, failed to lose 
weight smoothly. Like obese persons, for several consecutive days he 
would lose no weight or he might even gain weight. Then his weight 
would suddenly decline at a rapid rate far in excess of 95 Gm. daily. 

Table 13 shows the water exchange for five consecutive days when 
the subject weighed 115 Gm. more at the end than he did at the beginning, 
even though he had destroyed 475 Gm, of body tissue. It is quite clear 
that the failure of the body weight to keep pace with the loss of tissue 
is attributable to the retention of water. 
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Since these events took place in a normal subject, they are deprived 
of all specificity for obese subjects. The excessive retention of water is 
seen to be merely a b3'^-product of undernutrition. It in no way indicates 
that the metabolism of obese persons is abnormal. 

In order to leave no doubt that the failure of obese persons to lose 
weight is explained by retention of water, the following case is cited : 

The patient was a girl aged 14 who had always been taller and fatter than 
the girls of her age. Her progress in school had been slow, and she had repeated 
many of her grades. She freely admitted overeating and said that she much 



Feb./928 Alarcfj 

Fig. 2. — A response similar to that portrayed in figure 1. The circles represent 
the body weight corrected for water retention. The retention of 2,900 grams 
of water in sixteen daj’^s explains the failure to lose weight, since 2,900 grams 
of body tissue was destroyed during the same period. 

preferred sitting quietly without occupation. Menstruation had begun when she 
was 10 years old and had been regular. She was 6 feet 1 inch (185 cm.) tall 
and weighed 244 pounds (111 Kg.). There was a luxuriant growth of axillary and 
pubic hair, and the breasts were large. Her tongue was exceptionally thick 
and broad. This girl was selected for study because she was obviously an abnormal 
type. Nevertheless, it will be seen that her failure to lose Aveight was attributable 
to retention of water, which is a normal response to underfeeding. The diet con- 
sisted of 65 Gm. of protein, 40 Gm. of fat and 74 Gm. of carbohydrate. It con- 
tained 914 calories. She produced 2,137' calories daily by metabolizing 73 Gm. 
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of protein, 172 Gm. of fat and 74 Gm. of carbohydrate. Therefore, the daily 
destruction of body tissue amounted to 181 Gm. Figure 2 shows her response to 
the underfeeding for twenty consecutive days. It will be noted that she weighed 
as much on the sixteenth day as she did at the start. Then a marked diuresis set in 
without any other change in the conditions of which my associates and I were 
aware. The diuresis continued for the next nine days of the study, by which 
time she had lost an amount of weight that approximately equaled the weight 
of the body tissue destroyed during the twenty-four days. The solid line in 
figure 2 indicates the actual weight each morning. The broken line states what 
she would have weighed in response to the destruction of body tissue, if the 
water balance had not been disturbed. The position of the circles was calculated 
by subtracting the weight of the extra water in her body from the actual weight. 
They show that her ability to resist loss of weight for more than two weeks was 
caused by progressive addition of water, which finally amounted to more than 6 
pounds (3 Kg.). 

The nuntber of sucli studies that can be undertaken is limited, but 
whenever we have carried them through we have been rewarded by the 
demonstration that the failure of patients to lose weight when they were 
being underfed was always explained by retention of water. 

Increased Absorption of Food . — After it had been generally accepted 
that obese persons produce more heat than normal controls, the possibility 
still remained that if the digestion and absorption of food by the obese 
persons was sufficiently more efficient than that by normal people, the 
former could succeed in gaining weight without overeating. Nenensch- 
wander-Lemmer has investigated this possibility. He compared the 
combustible materials in the feces with those in the diet. In a patient 
5 feet 4 inches (163 cm.) tall who weighed 231 pounds (105 Kg.) he 
found 4.96 per cent of the nitrogen and 14.9 per cent of the fat of the 
diet in the stool. A control of the same height who weighed 125 pounds 
(57 Kg.) lost 5.49 per cent of the dietary nitrogen and 11.7 per cent 
of the fat in the stool. The residual calories in the feces of a group of 
obese persons were 5.47 per twenty-four hours, as compared with 5.41 in 
persons of normal weight. The utilization of the dietary calories, nitrogen 
and fat by the obese persons was 87, 84 and 83 per cent respectively. 
For the controls, the corresponding values were 88, 86 and 89 per 
cent. Obesity is not caused by an economy of food. 

"Lipophilia .” — Von Bergmann suggested that adiposity is caused by 
a hereditary constitutional trait of the adipose cells that enables them to 
accumulate excessive amounts of fat. He has compared obesity to growth. 
Just as a youth grows, even though his activity consumes great quantities 
of food, so some tissues accumulate fat, even though the diet might be 
insufficient to meet the needs of other organs. Hetenyi carried this 
idea one step further by postulating that fat once deposited in the depots 

34. Nenenschwander-Lemmer, N. : Ztschr. f. d. ges. exper. Med. 99:395, 
1936. 

35. Heten}d, G. : Deutsches Arch. f. klin. Med. 179:134, 1936. 
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of an obese person is prevented from leaving them and so cannot be used 
as fuel. Increased appetite is the natural response. 

To support this contention, he compared the levels of the blood fats in 
obese persons with those of normal persons when the usual food was 
taken and again after eight days of restricted diet. The data appear in 
table 14. 

I interpret these data as evidence against Hetenyi’s hypothesis-. Since 
obese persons have more fat in the blood when food is unrestricted, they 
must be either storing less or mobilizing more of it than normal persons. 
The lowering of the blood fat level in obese persons by underfeeding is 
accepted by Hetenyi as evidence that they have difficulty in releasing 
fat from the depots in response to the increased call for energy, but it 
might just as Avell mean that fat which is being mobilized at a normal 
rate is being oxidized more rapidty. 

Later studies dealt with blood fat curves after feeding 200 cc. of 
cream. The average increase in the controls amounted to 84 per cent 


Table 14. — Blood Levels of Fats 



Usual Diet 

Diet Planned to Insure 
Undernutrition 

Condition of Subjects 

Range, 

Mg. per 

100 Cc. 

Average, 
Mg. per 

100 Cc, 

Range, 

Mg. per 

100 Ce. 

Average, 
Mg. per 
100 Cc. 

Obese 

Normal 

514 to 1,117 

890 

591 

m to 802 

414 to 997 

630 

007 


of the fasting values as compared with an increase of only 17 per cent in 
the obese subjects. The individual responses, however, varied from 
zero to 157 per cent, and such a wide variation throws considerable 
doubt on the value of the averages. The lower levels in the obese sub- 
jects are offered by Hetenyi as evidence of increased avidity for fat by the 
depots, but since the greater metabolism of obese persons demands more 
fuel, why do not the lower levels of fat indicate accelerated oxidation 
of it? 

If it were true that the adipose tissue cells of obese persons resist 
mobilization of fat in undernutrition, then such persons would not lose 
weight, or if they did, the loss would represent the destruction of body 
protein. But the following studies show that obese persons are less 
likely to go into negative nitrogen balance when underfed than are normal 
subjects. Jansen placed 15 medical students whose average weight was 
62 Kg. on a diet yielding 1,600 calories and 61 Gm. of protein daily for 
several weeks. Their average loss of nitrogen was 2 Gm. daily. Bene- 
dict’s 12 normal subjects receiving 1,534 calories and 51 Gm. of protein 
lost 65 Gm. of nitrogen from the body in three weeks. On the other 

36. Jansen, W. H. : Deutsches Arch. f. klin. Med. 124:1, 1917. 

36a. Benedict, cited by Lusk, G. : Phj’^siol. Rev. 1:523, 1921. 





1056 


ARCHIVES OF INTERNAL MEDICINE 


hand, Keeton and Dickson showed that most obese persons on a diet 
3 delding 1,375 calories and 90 Gm. of protein maintained nitrogen 
balance, and Strang, McClugage and Evans found that obese persons 
receiving only 440 calories and about 1 Gm. of protein per kilogram of 
ideal body weight do not lose body protein. 

With these things in mind, my colleague, Malcolm Block, has rein- 
vestigated the response to underfeeding. After determining the total 
blood lipids during a preliminary period when the diet was unrestricted, 
he placed 3 normal young women and 3 obese young women on a series 
of diets. The first diets were arranged to yield approximately 80 per 
cent of the energy of the basal heat production for twenty-four hours. 
After seven days, blood lipids were determined again and the diets were 


Table 15. — Variation in Total Blood Lipids in Three Normal and Three Obese 

Young Women on Various Diets 



Blood Levels of Fats, Mg./lOO Cc. 

Diet 

Normal Controls 

Obese Subjects 



700 


523 

640 


610 

560 

80 per cent of basal calories 


SOS 


750 

575 


710 

700 

60 per cent of basal calories 


868 


S43 

700 


806 

850 

40 per cent of basal calories 


910 


605 

850 


542 

610 

20 per cent of basal calories 


710 



910 



60S 


reduced to about 60 per cent of the basal heat. Seven days later, samples 
of blood were again withdrawn and the calories of the diets were reduced 
to 40 per cent of the twenty-four hourly basal heat production. At the 
end of this week, samples of blood were obtained and the obese patients 
were all placed on a diet yielding 450 calories. The blood fat readings 
are recorded in table 15. An examination of these values indicates that 
they rose and then fell both in the obese patients and in the controls, 
and it is not possible to detect any significant difference in the responses 
of the tAvo groups to underfeeding. 

In addition. Block calculated the dissipation of heat from the insensible 
loss of weight according to the principles described on pages 1044 to 1045. 

37. Keeton, R. W., and Dickson, D. : Excretion of Nitrogen by Obese Patients 
on Diets Low in Calories Containing Varying Amounts of Protein, Arch. Int. 
-Med. 51:890 (June) 1933. 

38. Strang, J. M.; McClugage, H. B., and Evans, F. A.: Am. J. M. Sc. 181 : 
336, 1931. 
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And he estimated the caloric deficit by comparing the energy of the diet 
with the expenditure of energy. The differences were then converted 
to weight of body tissue destroyed, on the assumption that it consisted 
entirely of fat.' The results for the 3 obese patients are found in table 16, 
which also records the daily intake of nitrogen and the urinary nitrogen. 
It will be seen that each of the patients lost almost exactly the amount of 
weight that she was expected to lose if the body tissue destroyed to make 
up the caloric deficit was solely adipose tissue. Furthermore, the com- 
parison between the dietary and the uri'nar}^ nitrogen shows the patients 
lost only negligible amounts of body protein. 

All of these later studies show that obese persons release fat from 
the stores as a source of energy as readily as normal persons do. In 
fact, it seems likely that the obese persons do this more readily, since 

Table 16. — Loss of Weight and Daily Dietary Intake and Urinary Output of 
Nitrogen in Three Obese Subjects 


Dally Loss of Weight, Gm. Daily Nitrogen 

- A. 


Intake in Output in 

No. of Subject Predicted Actual Diet, Gm. Urine, Gm. 

13 25f.G 255.4 13.81 14.34 

14 250.7 249.2 nS.Sl 13.35 

15 222.8 222.8 13.66 13,75 


Table 17. — Respiratory Quotients after a Test Meal 


Hours after meal l 2 3 4 6 8 

Normal subjects 838 810 804 823 812 819 

Obese subjects 746 772 752 740 761 795 


they usually remain in nitrogen balance when they are underfed, whereas 
persons of normal weight do not. 

The fasting respiratory quotients in obese persons are lower than 
they are in normal controls. According to the usual interpretation, this 
means that the former persons are oxidizing more fat. Quotients pub- 
lished by Strang are enlightening. The fasting values obtained from 
7 obese patients ranged from 0.698 to 0.830 and averaged 0.757. The 
controls under similar conditions ranged from 0.770 to 0.848 and aver- 
aged 0.783. These same persons were studied again after a test meal 
consisting of 40 Gm. of protein, 26 Gm. of fat and 52 Gm. of carbo- 
hydrate. Quotients were obtained repeatedly after the meal for eight 
hours and are presented in table 17. 

Since both the quotients obtained during fasting and those obtained 
after the ingestion of food are lower in obese subjects, we have before 


39. Strang, J. : Am. J. M. Sc. 182:69, 1931. 
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US classic evidence that such persons are metabolizing more fat than the 
normal controls. They cannot at the same time be storing more fat or 
withholding more of it in the depots. 

Summary . — These many painstaking investigations of the metabolism 
of obese persons have failed to disclose any abnormal process 'that 
accounts for the accumulation of the fat. On the contrary, they have 
demonstrated that obese persons produce more heat in the basal state, 
that they expend more energy to perform a measured amount of work 
and that their total heat production is greater than that of normal persons 
of similar age, height and sex under the same circumstances. Since they 
are unable to absorb more energ}^ from their food, they must eat more 
than normal people simply to avoid loss of weight. 

ENDOCRINE DISORDERS AND OBESITY 

In an age when the vast influence of the internal secretions on bodily 
states is being emphasized by a host of workers, it is but natural that 
various endocrine glands have been accused of causing obesity. 

Thyroid . — Those writers who believe that the endocrine etiologic 
basis of obesity has been established have expressed opinions that hypo- 
thyroidism is a fretjuent cause of adiposity. They based the diagnosis 
on a basal metabolic rate of — 10 to 25 per cent, with or without feelings 
of sluggishness, coldness and ease of fatigue. But these subjective com- 
plaints are so vague and commonplace that they are of almost negligible 
diagnostic import. 

Before interpreting a low basal metabolic rate as a pathognomonic 
sign of hypothyroidism it is essential to recall some of the details of the 
test. In the first place, the apparatus records solely the amount of 
oxygen absorbed in a unit of time by the patient. To compare this value 
with a standard, the surface area of the patient must be calculated from 
his height and weight in order to obtain his absorption of oxygen per 
square meter of his body surface. This value is then compared with the 
average absorption per square meter of presumably normal persons of 
the same sex and age. These control subjects are assumed to have been 
completely relaxed during the test. But if some of them were not because 
they were a little apprehensive or uncomfortable, then the standards in 
general use are too high. And those best qualified to judge do, in fact, 
state that the standards are 5 per cent or even 10 per cent too high. 
Hence, a patient whose basal metabolic rate is reported as — 10 per 
cent may be merely one who is completely relaxed or who has fallen 
asleep. (Sleep lowers the rate 10 to 15 per cent.) Most of the investiga- 
tors in this field have rates 10 per cent or more below the alleged normal 
for them, and they are probably merely demonstrating that their famili- 
arity with the technic permits a degree of relaxation that was assumed 
to have occurred, but may not have, in the controls. 
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Some persons who are entirely at home in the metabolic laboratory 
have rates year after year that are 20 or even 25 per cent too low, 
according to the standards, and still they exhibit the attributes of health 
and have not become obese or myxedematous. 

The custom of paraphrasing a low metabolic rate by the term “hypo- 
thyroidism” is not justifiable and certainly is misleading. If a physician 
wants to give a clinical interpretation to the phenomenon of lessened rate 
of absorption of oxygen, he can speak of hypometabolism without saying 
more than the facts justify. He will then be in the same position as 
when he deals with fever or leukocytosis. He will know that these 
abnormalities mean little by themselves but that when they are associated 
with certain other signs of disease, and only then, he is justified in making 
a diagnosis. When hypometabolism is associated with the classic features 
of myxedema, it is of course proper to attribute the clinical picture to 
hypothyroidism, but there exists no sound basis for believing that hypo- 
metabolism in the absence of a pale puffy face with stupid expression, 
hoarse voice, scanty coarse hair, water-logged tissues, anemia and gen- 
eral sluggishness is a sign of early or preclinical myxedema, for transition 
from a state in which the basal metabolic rate is as much as 30 per cent 
below standard, even if accompanied by mental and physical inadequacy, 
into classic m 3 o:edema has not been reported. Nor do the improvement 
in intellectual capacity and in the texture of hair, nails and skin; the 
relief of constipation, and the correction of menstrual irregularity 
obtained by administration of desiccated thyroid establish that the symp- 
toms were caused by hypothyroidism. It must be remembered that the • 
th 3 Toid hormone stimulates the metabolism of all the cells. Their aug- 
mented activity may well correct symptoms that were caused by sluggish 
function for any reason.^® 

It seems much more likel 3 ’' that the fatigue of which man 3 ^ obese 
persons complain ma 3 ^ be an actual indication that their muscles and other 

40. The material dealing with the interpretation of basal metabolic rate was 
submitted to the scrutiny of Dr. J. H. Means, who for many years has directed 
the Thyroid Clinic of the Massachusetts General Hospital. He replied, “I agree 
with all you say and would like to add my conviction that the functional activity 
of the thyroid gland can be gaged unequivocally by determining blood levels of 
iodine. Riggs and Mann, Curtis and others have devised methods which permit 
the accurate measurement of the concentration of organic iodine in the blood, 
that is to say the fraction of the iodine which constitutes an integral part of the 
thyroid hormone, and it has been shown by these investigators that whereas 
values in normal persons are 4 to 8 micrograms per hundred cubic centimeters, 
in patients with myxedema they are only 1 to 4 micrograms per hundred cubic 
centimeters. 

“Thus when it is desired to establish a relation between hypothyroidism and 
obesity, it would be well for investigators to publish readings of the organic iodine 
in the blood of suitable patients as well as basal metabolic rates.” 
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organs are becoming exhausted by overwork. Is this not the true 
explanation of the rapid improvement that comes with rest in bed and 
sharply restricted diets ? 

Finally, it must be emphasized that even low basal metabolic rates 
need not cause obesity. The organism, at least in the ideal state, obtains 
the amount of food that will replenish its losses. When the outgo 
lessens, appetite diminishes proportionately. This relation between 
expenditure and intake is shown beautifully by some recent experiments 
carried out by MacKay and Sherrill.^’- They introduced their data on 
rats with the remark. 

Although it is well known that patients with mj^xedema are not obese as a rule, 
the idea persists in the clinical literature that hypothyroidism may be a cause of 
obesity. 

In order to observe the effect of complete absence of the thyroid hormone, 
the gland was removed from a group of rats 170 days old. A similar 
group was selected for control, and all the animals were offered the same 
diet ad libitum. Three hundred and ten days later the controls weighed 
457 Gm. and had gained 193 Gm. But the thyroidectomized animals 
gained only 178 Gm. Still more interesting was the difference in the 
fat content of the two groups. The bodies of the controls contained 
31.1 per cent of fat, whereas only 6.4 per cent of fat remained in the 
bodies of the rats deprived of their thyroid glands. Since the latter 
animals did not appear to be less plump than their controls, it was 
assumed that edema fluid had been substituted for adipose tissue. 

Even more enlightening is the recent statistical investigation of this 
general question by Plummer on 200 patients suffering from various 
grades of m)"xedema. Sixty-one and five-tenths per cent were over- 
weight. In 8.5 per cent the weight was more than 50 pounds (23 Kg.) 
above normal, but in 5.5 per cent it was more than 30 pounds (14 Kg.) 
below normal. The greatest excess weight corresponded to the least 
depression of metabolism, and those patients whose basal metabolic rates 
were lowest weighed the least. Thus those whose rates were not less 
than — 28 per cent weighed 11.5 per cent too much, whereas those 
whose rates were less than — 38 per cent Aveighed 14.7 per cent too 
little. The average excess weight for the Avhole group was 10.1 pounds 
(4.5 Kg.). During the first da)’’s of medication Avith thyroid there was 
an abrupt loss of Aveight that aA’^eraged 13 pounds (6 Kg.). This Avas 
brought about by elimination of fluid, since most of the patients Avere 
definitely edematous prior to treatment. Noav the group Aveight had 
become 2.9 pounds (1.3 Kg.) less than normal. The excessive weight 
so commonly attributed to superabundance of adipose tissue is more 

41. MacKay, E. M., and Sherrill, J. W. : Endocrinology 28:518, 1941. 

42. Plummer, W. A. : Tr. Am. A. Study Goiter, 1940, p. 88. 
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properly interpreted as evidence of abnormal accumulation of water. In 
fact, judging by MacKay’s rats, athyrea causes wasting of adipose 
tissue. 

Pituitary. — Frohlicli’s report in 1901 of a case of tumor- of the 
hypophysis without acromegaly seems to have originated in belief 
that hypopituitarism is a common cause of obesity, especially among 
children. He described a boy 14 years old who weighed 54 Kg. For 
two years he had been suffering from attacks of vomiting and headache. 
The left eye had become blind. The mother stated that the boy’s weight 
had begun to increase rapidly a few months earlier. The examination 
revealed atrophy of the left optic nerve and right temporal hemianopsia, 
evenly distributed adiposity, enlargement of breasts, absence of axillary 
hair, pubic region suggestive of feminine type and dryness and local 
thickenings of skin. Frdhlich concluded that the rapidl}'' developing 
obesity should be accepted as a sign of hypophysial tumor. The author 
cited a number of cases of similar condition proved at autopsy, but he 
also pointed out that poor nutrition was not uncommon in other cases 
of proved hypophysial tumor. Certainly there is nothing in this original 
report to indicate that the obesity was anything more .than incidental, 
especially since the author himself stated that emaciation is commonly 
encountered in cases of hypophysial tumor. 

Because of his preeminence as a neurologic surgeon the conviction 
arrived at by Cushing based on many careful clinical and experimental 
studies was accepted for a time as established fact. In 1912 he wrote; 

A number of animals [dogs] in our first series, having recovered after partial 
extirpation of the hypophysis, were observed to grow very fat. In the second series 
similar results were noted. The fat proved to be widely distributed. It was not 
tender and no lipomata were observed. 

Speaking of the clinical features of hypopituitarism in human beings, 
he stated : 

The acquisition of an excessive subcutaneous deposit of fat is one of the notable 
features and often so dominates the picture as to lead to its inclusion under 
the following titles: adiposis dolorosa (Dercum’s Disease), adiposis universalis, 
dystrophia adiposo-genitalis (Frohlich’s Disease), adiposis cerebralis. Undoubtedly 
a number of cases called adiposis dolorosa must be due to hypophyseal deficiency. 
A pituitary glioma was found by Burr in 1900 in a typical case. McCarthy found 
an adenocarcinoma of the pituitary in one of Dercum’s cases. Lyon found an 
aneurism pressing upon the hypophysis. 

However, in other supposed examples of Dercum’s disease no changes 
were found. Cushing saw a woman whom he believed to be suffering 
from Dercum’s disease. She weighed over 300 pounds (136 Kg.), but 
he could not locate any lesion in the pituitar 3 ^ 

43. Frdhlich, A.: Wien. klin. .Wchnschr. 15:883, 1901. 

44. Cushing, H. : The Pituitary Body and Its Disorders, Philadelphia, J. B. 
Lippincott Company, 1912. 
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Somewhat later Cushing delineated the syndrome that goes by his 
name and attributed it to adenoma of the basophilic cells in the anterior 
hypophysis. Patients with this syndrome often exhibit a disproportion 
between the trunk and the extremities because of the increased girth 
of the chest and abdomen. Cushing attributed the enlargement of the 
trunk to excessive deposits of fat and reasoned that a localized adiposity 
could not arise from overeating but must be a direct outcome of the 
disease of the pituitary. 

Cushing is but one of many writers who have suggested or even 
asserted that the obesity associated with dyspituitarism results from some 
unusual metabolic disturbance which in a mysterious way causes an 
increased synthesis and deposition of fat. Kraus has even reasoned that 



Fig. 3. — A patient with Cushing’s syndrome. A and B, note the appearance of 
extreme obesity with an excess weight of only 50 pounds (23 Kg.). C and D, the 
same patient after reduction of the weight to normal. Nevertheless, the semblance 
of obesity persists. 

a disturbance in fat metabolism is the fundamental abnormality in Cush- 
ing’s disease. 

Three associates and I have recently had the opportunity of study- 
ing a case of Cushing’s syndrome in which subsequent postmortem 
examination disclosed a basophilic adenoma of the pituitary, but we 
arrived at a different explanation of the abnormal bodily shape. The 
data that deal with the patient’s configuration are reproduced here 

45. Freyberg, R. H.; Barker, P. S.; Newburgh, L. H., and Coller, F. A.: 
Pituitary Basophilism (Cushing’s Syndrome) : Report of Verified Case with 
Discussion of Differential Diagnosis and Treatment, Arch. Int. Med. 58:187 
(Aug.) 1936. Freyberg, R. H., and Newburgh, L. H. : Obesity and Energy 
Exchange in Verified Case of Pituitary Basophilism, ibid. 58:229 (Aug.) 1936. 
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because they show that the protuberance of the thorax and the abdomen 
was caused by a condition totally unrelated to adiposity. 

As a child, the patient enjoyed exceptionally good health. When 
he was 12 years old he began to gain weight rapidly. At the age of 19, 
when he entered the hospital, he weighed 185 pounds (84 Kg.) and was 
5 feet 2 inches (157 cm.) tall. His appearance at that time is protrayed 
in figure 3. 

As part of the study he was placed on a diet the composition of 
which was the same for fifty-four days. It supplied 890 calories daily. 



Fig. 4. — Lateral roentgenograms of spinal columns. A, normal control. B, 
the patient in figure 3. Note how decalcification has caused thinning of vetebral 
bodies and shortening of the spine (fish vertebrae). 

The heat production was calculated from the insensible loss of weiglit 
and the urinary nitrogen, as described on page 1048. From these data 
we predicted that he should have lost 8,376 Gm. He did lose 8,398 
Gm. This remarkably good argreement indicated that the energy 
exchange was entirely normal and was strong evidence that he had 
become obese because the inflow of energy had exceeded the outflow. 

The loss of 50 pounds (23 Kg.) and the return to normal rveight 
altered little the appearance of the unusually prominent chest and 
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abdomen and did not reduce their size any more than that of the 
extremities. Hence, the disproportionate enlargement of the 'trunk 
could not have been due to obesity. A lateral roentgenogram did, 
however, reveal the actual reason for the deformity. The decalcification 
of the skeleton, a common finding in Cushing’s syndrome, had so 
thinned the vertebrae that the spine had collapsed, with resulting 
kyphosis and shortening to such an extent that the ribs had been elevated 
anteriorly until they were horizontal. This had swung the manubrium 



Fig. 5. — Lateral roentgenogram of the thorax of the patient in figures 3 and 
4 B. The ribs are horizontal because of shortening of spine. This has forced 
the lower end of the sternum upward and forward, carrying the anterior half 
of the diaphragm with it. The marked increase in the anteroposterior dimension 
of the thorax is evidenced by the horizontal position of the heart. 

forward and upward. The anterior abdominal wall necessarily also 
moved forward. A perfect explanation for the enlargement of the trunk 
had been found without involving obesity. In fact, scrutiny of the cases 
brought together by Cushing and more recently by Freyberg reveals 
that obesity was not prevalent. Rather were the patients disfigured 
by protruding abdomens, barrel chests, short necks, kyphosis and wasted 
musculature. 
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It is of further interest that the penis and scrotum of our patient 
were almost invisible on admission. This appearance is held to be 
characteristic of Frohlich’s disease (adiposogenital dystrophy). How- 
ever, when the weight had been reduced, the penis and testes had 
assumed the usual appearance. 

Two recent publications present further evidence that the abnormal 
bodily configuration in patients suffering from Cushing’s syndrome is 



Fig. 6 (Willson, Power and Kepler^®). — Note the bulging abdomen in spite of 
emaciation. The spinal deformity in this patient caused pronounced lordosis. 


not dependent on adiposity. Willson, Power and Kepler^® discussed 
a patient who had lost 25 pounds (11 Kg.) during the four weeks 
before he entered the clinic, at which time he weighed 118 pounds (54 
Kg.). The accompanying photograph leaves no doubt about the 
emaciated state of the patient. But, nevertheless, the abdomen bulges 
to a striking degree, and the authors spoke of the characteristic plethoric 

19 - 701 ^^ 940 °"’ 
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moon face. The origin of these abnormalities is explained satisfactorily 
by Albright without attributing them to increases in adipose tissue, as 
will appear shortly. Albright, Parson and Bloomberg studied 3 
women with Cushing’s syndrome and emphasized the apparent girdle 
obesity, “which is more the result of a relaxed abdominal wall and 
crushed vertebrae [decalcification] than of actual fat.” Two of the 
women each weighed 118 pounds (54 Kg.). Certainly they were not 





Fig. 7 (Albright, Parson and Bloomberg — Apparent girdle obesity caused 

by muscular atrophy. 

obese. Nevertheless, the photograph of one of them does give the 
appearance of the so-called “girdle obesity.” Albright and associates 
pointed out that there is a striking destruction of body protein in these 
patients, as evidenced by the continued negative nitrogen balance. 
Under such circumstances, a great wastage of the musculature takes 
. place and the abdominal muscles are no longer able to resist the intra- 
abdominal pressure. 

47. Albright, F. ; Parson, W., and Bloomberg, E. : J. Clin. Endocrinol. 1 : 
375, 1941. 
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During the early years of this century, other investigators in 
addition to Cushing endeavored to elucidate the functions of the pituitary 
by obser\dng the effects of its removal. Opinion was divided. Like 
Cushing, several other investigators expressed the belief that they had 
demonstrated that hypophysectomy caused obesity. But Bailey and 
Bremer, as well as Camus and Roussy, were in doubt, since they found 
that injury of the brain adjacent to the pituitary • was also capable of 
producing excessive depositions of fat. Finally, it was conclusively 
demonstrated by Philip Smith,^® working with rats, that the removal of 
the hypophysis from these animals did not cause obesity. However, 
when the hypothalamus was injured by injection of chromic acid, 
obesity developed regularly after the operation. Smith explained the 
occurrence of obesity in the dog and its absence in the rat by pointing 
out that the hypophysis in the dog is separated from the brain by only 
a gauzelike membrane which invariably ruptures during the operation, 
whereas in the rat the membrane is firm and resistant. In his operations 
on the rat, the membrane remained intact and hypophysectomy 
invariably produced loss of weight, atrophy of the thyroid, the adrenal 
cortex and the sex organs, and cachexia. 

Knowledge is now sufficiently advanced to permit the recognition 
of hypopituitarism when sufficient skill and effort are devoted to the 
clinical study. The disturbances sought for are based on the recognition 
that the anterior lobe of the pituitary secretes hormones which control 
the activity of the thyroid, the adrenal cortex and the gonads, as well 
as the utilization of dextrose. Its ablation in young animals causes 
cessation of growth in addition to atrophy of the glands just mentioned. 
In the adult human being the disease described by Simmond and shown 
by him to be due to destruction of the anterior lobe of the pituitary 
presents the counterpart of the condition produced by experimental 
ablation of the hypophysis. Here also, the most prominent features 
are emaciation and atrophy of the thyroid, the adrenal cortex and the 
gonads. Even diminished function is also recognizable, since it produces 
clinical pictures that suggest myxedema, Addison’s disease, various 
signs of lessened activity of the reproductive glands and hypoglycemic 
episodes, present in various combinations from patient to patient. 
Obesity is not a feature of any of these states. 

It is no longer justifiable ever to attribute obesity to hypopituitarism 
until its presence has been firmly established by carrying out the type 
of study already indicated. If occasionally patients should be discovered 
in whom obesity and hypopituitarism are associated, it still needs to be 

48. Smith, P. E.: Relations of the Activity of the Pituitary and Thyroid 
Glands, in Harvey Lectures, 1929-1930, Baltimore, Williams & Wilkins Company, 
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established that the former was caused by the latter. To do so, the 
first step would be to show a high degree of correlation between the 
two conditions. The clinical studies in this regard, to be discussed 
shortly, lead to just the opposite conclusion. 

Hypothalamus . — Ranson and his associates placed lesions in the 
hypothalamus in nearly 50 monkeys, 300 cats and many guinea pigs 
without obtaining obesity. Subsequently, they injected chromic acid 
into the hypophysis in rats by a technic that they hoped would avoid 
the hypothalamus. Only 3 of 50 rats became fat. Hypothalamic lesions 
of considerable extent were found in these 3 animals. The hypophysis 
showed all degrees of destruction in the 47 rats in which obesity did 
not develop. In another series they used the Horsley-Clarke instrument, 
which permits accurate localization, to place lesions in the hypothalamus 
in 12 rats. All became markedly obese. Subsequent examination 
revealed large lesions in the hypothalamic area. The hypophysis was 
intact. These experiments have excluded lesions of the pituitary as a 
cause of obesity in lower animals, and they cast formidable doubt on 
the proposition that obesity in human beings is ever originated by 
destructive disease of the hypophysis. Nevertheless, they do not 
preclude the possibility that hyperfunction of the pituitary is capable 
of inducing adiposity. However, in such typical examples of hyper- 
function of the pituitary tissue as acromegaly and gigantism the exces- 
sive weight is not due to overdevelopment of adipose tissue, but rather 
to the overdevelopment of the skeleton and organs. And it has just 
been pointed out that in Cushing’s syndrome, another type of hyper- 
pituitarism, obesity is not common and certainly is not a cardinal feature 
of the disease. 

The animal experiments seem to have demonstrated that lesions 
of the brain in the hypothalamic area are regularly followed by develop- 
ment of obesity in rats. But perhaps of more importance is the failure 
to produce obesity in the other mammalian species in which the hypo- 
thalamus was injured. The negative results obtained by Ranson and 
associates on a large number of monkeys casts a good deal of doubt 
on the proposition that hypothalamic lesions in human beings are the 
actual cause of the obesity that is sometimes seen in patients afflicted 
with disease of that portion of the brain. 

Some light on this difficult qitestion has been shed by Eaves and 
Croll and also by Greene.®^ The first-named authors concerned them- 
selves with the occurrence of obesity in patients with epidemic 

49. Ranson, S. W. ; Fisher, C., and Ingram, W. R. : Endocrinology 23:175, 
1938. Hetherington, A. W., and Ranson, S. W. : Proc. Soc. Exper. Biol. & Med. 
41:465, 1939. 

50. Eaves, E. C., and CroII, M. M.: Brain 53:56, 1930. 

51. Greene, J. A.: Ann. Int. Med. 12:1787, 1939. 
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encephalitis.- They report that Grollinan noted obesity in 15 per cent 
of 89 patients, mostly children, and that 8 per cent of Duncan’s 83 
patients were obese. , Hall and Stern recorded a number of obese 
patients in their monographs on encephalitis. On the other hand, many 
patients were wasted. The authors examined the brain in 10 patients 
who died. Two were obese ; 4 were cachectic, and the remaining 4 did 
not show any important change in weight. In summary they stated : 

There is frequently some change in the pituitary but the part played by it in the 
production of obesity remains obscure. The hypothalamic region was more 
severely affected 'than any other region of the brain except the substantia nigra. 
Severe lesions of the hypothalamus do not give rise to obesity but less intense 
ones may. 

Statistical Inquiry . — Greene endeavored to discover the cause of 
obesity in 350 cases. He found that inactivity had occurred at the time 
of gain in weight in 68 per cent of the cases and that a long illness had 
necessitated the inactivity in 64 per cent of them. He also studied the 
records of 87 cases of chronic encephalitis, 18 cases of myxedema and 18 
cases of tumor of the pituitary. Table 18 shows the results. 

Normal weight was the commonest condition in encephalitis, and 
loss of weight occurred five times as often as gain. When obesity did 
exist, it had usually preceded the disease. These statistics throw grave 
doubt on the role of hypothalamic lesions as a specific etiologic factor 
in obesity in human beings. 

Overweight was more frequent in the group of tumors of the 
pituitary, but the adiposity usually antedated , the disease, and loss of 
weight occurred oftener than gain of it. Again there is nothing in any 
case to indicate that the nutritional state bore any specific relation to 
the disease of the pituitary. Even in myxedema obesity was noted in 
only half the cases, and it had usually existed before the onset of the 
disease. Weight was lost in more cases than it was was gained. 

The inactivity enforced by these chronic illnesses associated with 
good appetite seemed to be the actual cause of the adiposity when it did 
occur. 

Juvenile Obesity . — Many obese children are assumed to be suffering 
from hypopituitarism (Frolich’s syndrome) or hypothyroidism, even 
though one searches in vain for sufficient facts to support the con- 
tention. Bruch s dispassionate study of these questions is therefore 
welcome. Her material consisted of 102 patients, equally divided among 
girls and boys, 2 to 13 years old, in whom obesity was the outstanding 
clinical condition. Weight at birth was normal; normal development 

51a. Bruch, H.: Obesity in Childhood: I. Physical Growth and Development 
m Obese Children, Am. J. Dis. Child. 58:457 (Sept.) 1939. 
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was the rule, and puberty was attained at normal age or earlier. Obese 
children are taller than normal ones, and skeletal growth, as determined 
by roentgen rays, is accelerated. Normal girls who menstruate early 
are taller and heavier than those in whom the onset is later. Bruch 
concluded : 

The condition of the obese children manifests an exaggeration of a developmental 
trend observed in normal children ; the difference is only quantitative. . . . 

She found that the oxygen consumption of an obese child is greater 
than that of a normal child of the same age and height. The serum 
cholesterol, which is increased in myxedema, was normal in 72 obese 
children. Bruch was satisfied that 

. . . the course of growth and development of obese children . . . cannot 
be brought into agreement with the well defined picture of hypothyroidism [or] 


Table 18. — Weight in Relation to Certain Diseases 



Chronic 

Encephalitis 

Aly.vcdema 

Tumor of the 
Pituitary 

Xonnal weight 

52 

n 

7 

Underweight 


1 

4 

Ovenreight 


C 

7 

Antedated 

Relation of Obesity to Onset 

i 

5 

Postdated 


o 

3 

Disappeared with 


1 

1 

Xo change 

Change in Weight after Onset 

s 

6 

Gain 


6 

0 

I/OSS 

23 

0 

7 


. . . hypopituitarism. . . . It is not reasonable to explain accelerated develop- 
ment as resulting from hypofunction of glands the growth-promoting qualities of 
which are firmly established. . . . 

Nevertheless, the treatment of choice and often the only therapy of 
the children referred to the obesity clinic continues to be administration 
of endocrine products, according to Bruch. When pituitary preparations 
have been recommended, the physician has done so because he has made 
a diagnosis of adiposogenital dystrophy, basing it on the presence of 
adiposity coupled with retarded development of the genitalia. But 
recent studies have made it clear that genital infantilism is far less 
common than is widely believed. In this connection, Bigler, Hardy 
and Scott®- pointed out that the incidence of undescended testicle in 
the United States Army is 0.3 per cent, whereas at the Hospital for 
Ruptured and Crippled, New York, incomplete descent was diagnosed 

52. Bigler, J. A.; Hardy, L. M., and Scott, H. V.: Gonadotropic Principle in 
Treatment of Cryptorchidism: Review of Literature, Am. J. Dis. Child. 55:273 
(Jan.) 1938. 




NEWBURGH— OBESITY 


1071 


in 3.0 per cent of 18,000 children. This means that in 9 of every 10 
children in whom the diagnosis is made, the testicles will subsequent!}’' 
descend spontaneously. Browne called attention to a series of mis- 
conceptions wliich lead to incorrect diagnoses. He states that any 
position from which the testes will reach the scrotum is noimal and 
that the jjelief that a testicle which can he felt in the region of the 
inguinal canal is in that canal is a common mistake. Gonadotropic 
substances will not bring down a testis that would not have descended 
without such treatment. Its only power is to hasten descent. Spence 
and Scoweu'^^ confirmed Browne’s findings. Accordingly, the descent 
of a testicle in a fat hoy after treatment with gonadotropic substances 
should not he accepted as evidence that he was suffering from hypo- 
pituitarism. Bruch stated that in none of her patients who had been 
made miserable and unhappy by a diagnosis of sexual maldevelopment 
was this diagnosis justified. 

In a recent publication Bruch reported the histories of 2 children in 
order to emphasize that the diagnosis of an endocrine cause of juvenile 
obesity is not supported liy the known facts. But even more impressive 
is her convincing argument that serious harm may be done to children 
who receive glandular therapy unnecessarily. 

Wlien the first patient was 5j4 months old, he had been examined at a pediatric 
clinic. No abnormalities other than poor development of the genitals had been 
found. When the child was 15 months old, a physician in the urologic clinic 
had been unable to feel either testicle, and treatment with chorionic gonadotropin 
(follutein) was begun. The child had continued to receive courses of this material 
subcutaneously until he was 6 years old. When he became a patient of the Pediatric 
Obesity Clinic, a division of Vanderbilt Clinic, New York, it was noted that the 
genitalia appeared small. Their true size however was masked by an accumulation of 
suprapubic fat. When this was pushed back, it was seen that the penis and 
scrotum were well formed. His weight had been normal when the glandular treat- 
ment was started, and it was not realized that he was gaining weight too rapidly 
until he was 6 years old, when he weighed 45 per cent in excess of the normal. 
At this time a diagnosis of “adiposogenital dystrophy” was made because of tlic 
marked accumulation of fat in the abdomen, suprapubic region and thighs and the 
round face and sluggish expression, together with the apparently infantile genitalia. 
Bruch pointed out that the development of the so-called “pituitary” type of obesity 
in a patient being treated intensively with gonadotropic substance is substantial 
evidence against the correctness of such a diagnosis. 

It was now learned that the patient, who was an only child, had experienced 
a local swelling with pain and a general reaction consisting of rise in temperature 
to 102 F. accompanied by nausea after each injection. Nevertheless, he had been 
given three injections weekly for protracted periods. Shortly after the treatment 
was begun, he had become apprehensive and listless. He never was able to dress 

53. Browne, D. : Brit. AI, J. 2:168, 1938. 

54. Spence, A. W., and Scowen, E. F.: Lancet 2:983, 1938. 

55. Bruch, H. J.: J. Pediat. 18:36, 1941. 
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himself and did not care to play. On the other hand, he always enjoyed his food 
and ate everything his mother gave him. In retrospect, she realized that she 
had overfed him to compensate for his illness. 

After the first visit to the Obesity Clinic he was lost track of for a year. 
The explanation was then forthcoming. Because of prolonged illness both of 
mother and of father the patient had been shifted from one relative to another. 
Finally, a crippled woman, who could do little for him, was put in charge of him. 
At the end of this year he was a changed child. He dressed and bathed without 
aid, did not object to being left alone, played on the street and defended himself. 
In spite of growing 2 inches (5 cm.) he had lost 5 pounds (2.5 Kg.). 

In retrospect, it is seen that the persistency of subcutaneous medica- 
tion, even though it caused unpleasant reactions, naturally led the mother 
to surmise that her only child was seriously abnormal. The patient’s 
timidity and listlessness were further evidence that he was suffering 
from a chronic illness. She responded by attempting to compensate for 
his disability by protecting him in every way and by giving him the satis- 
faction obtainable from large and A^aried feedings. 

The second patient, a girl, had been brought to the Pediatric Department when 
she was 5 years and 2 months old for treatment of asthma, from which she had 
suffered for six months. Her weight was normal. After one year’s treatment 
she had had no further attacks. At that time, when her weight was still normal, 
moderate enlargement of the thyroid had been noted. Accordingly, she had been 
followed in the Thyroid Clinic for the next five years. There it was recorded that 
the glknd was nodular and firm, but that there were no manifestations of hypo- 
thyroidism. The basal metabolic rate was — 30 per cent, according to the surface 
area standard. One week later it was — 13 per cent. Calculation of the rate 
on the basis of height and weight standards gave values of -}- 5 per cent and — 2 
per cent, respectively. For prophylactic purposes she had been given minute 
amounts of thyroid and syrup of hydriodic acid U. S. P. for the next two years. 
During this period she had gained weight rapidly and had become markedly 
obese. When she Avas 11 years of age, the th 3 Toid gland was considered to be 
normal. The basal metabolic rate at this time A\'as — 19 per cent according to 
surface area standard, ± 0 according to height standard and — 8 per cent Avhen 
referred to Aveight. 

When seen for the first time in the Obesity Clinic she was 10j4 years old 
and 40 per cent overweight. 

The patient, an only child, had never been allowed to go out in cold or wet 
weather, and association Avith other children had been discouraged by the parents 
with the hope of avoiding asthmatic attacks. Up to the age of 12 she had not 
been allowed to take a bath alone and was still being sent to the toilet. Even 
though the last attack of asthma occurred when she AA^as 6, the parents Avere 
afraid to relax the precautions deAused to protect their child. 

The obesity Avas explained by the parents and the patient as due to the “lazy 
gland,” even though the family had been reassured repeatedly that the thyroid 
AA^as normal. When a reduction diet Avas suggested, the mother expressed fear 
that it would be harmful to a child Avith a “lazy gland,” and the patient was 
openly antagonistic to zny treatment. 
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In this case as in the previous one the exaggerated anxiety and mis- 
interpretation of the medical situation resulted in parental conduct that 
deprived the children of most of their normal outlets. They became self 
centered and considered themselves deserving objects of pit}'^ and special 
consideration. Under such circumstances the satisfactions derived from 
eating were about the only pleasures still permitted the children. It 
would have been strange indeed if they had not made the most of them. 

My associates and I have been especially interested in the obesity 
of young adults that had its onset years earlier in association with an 
illness. Careful questioning is usually rewarded by the discovery that 
the mother had been instructed to prevent all physical activity on the part 
of her child, who had just passed through an illness which was thought to 
have caused heart disease. Even though activity is cautiously increased 
months later, the young patient continues to be trained to avoid exercise 
and to guard against heart strain. The mother, not realizing that the 
needs for food are greatly reduced in these circumstances and still under 
the sway of the time-honored belief that recover}’- will be enhanced by 
full feeding, spares no effort to tempt the child to eat. The young 
patient, suffering from self pity and egoism, accepts the food, even 
though he has no inherent desire for it. As time passes, conditioned 
reflexes become firmly developed, and the feeling of satiety does not 
occur until the child has overeaten in the physiologic sense. 

HEREDITY 

The interesting observations published by Danforth °° proved that in 
at least one mammalian species there exists a gene that causes its 
possessor to become obese with great regularity. Yellow male mice 
were mated to females of various colors. Some of the descendants were 
yellow, others were not. Litter mates were kept in the same cage and 
had access to the same food. After sexual maturity had been attained, 
the yellow mice began to gain weight more rapidly. This was _especially 
true for the yellow females, many of which reached a weight twice that 
of their mates. The excess weight was mainly due to a great and widely 
distributed increase in adipose tissue. Our own studies, still in a pre- 
liminary state, of this hereditary obesity of yellow mice permit the state- 
ment that the mice which become obese eat more than the others. 
Evidently one is dealing with a hereditary bulimia. 

Before considering whether a similar gene is transmitted by human 
beings, it will be well to give some thought to the configuration of the 
body. No one questions the inheritance of bodily shape or build. Every- 
one is familiar with the chai'acteristic lines of purebred dogs. One has 
merely to recall the contrasts between the slender, graceful, agile grey- 


56. Danforth, C. H. : J. Heredity 18:153, 1927. 
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hound and the thick-set, ponderous English bulldog. But even though 
the bulldog is robust and powerful, he is not obese. However, he may 
be pampered into overeating and become so. 

Similarly, the human being who has inherited a sthenic build is 
not predestined to become obese. Pains must be taken to explain to 
him that the two qualities are not linked — that while shape is inherited, 
obesity is an acquired characteristic. 

Adipose tissue is much more abundant in some parts of the body than 
in others, and women normally possess more fat than men. Further- 
more, there is commonly a large accumulation of fat around the hips and 
loins of women of normal weight. And since the pelvis of a woman is 
flatter than that of a man, she starts with two handicaps when she 
becomes obese. The so-called “girdle” obesity merety accentuates a 
normal type of feminine configuration. While it may well be true that 
the deposition of the excessive fat in the central regions of some women 
is an inherited characteristic, it is also true that there would have been no 
extra fat to deposit in those regions had the intake of food not been 
overabundant. 

The prevalence of obesity in some families need not be accepted as an 
inherited and therefore an unavoidable trait. A more realistic explana- 
tion is the continuation of the familial tradition of the groaning board 
and the savory dish. 

The question of whether human obesity is an inherited characteristic 
has been investigated extensively. Such studies are based on the proposi- 
tion that identical twins are genetically identical throughout and that 
differences in the individuals of such a pair are due to environmental 
influences. Accordingly, differences in body weight are caused by 
environmental influences. Both Vei'schuer and Newman and asso- 
ciates found that weight varied more than any of the other anthropo- 
logic measurements. In fact, the average A^ariation in Aveight Avas always 
tAvice, and mostly three times, as great as that of any of the other 
A’^ariables. This emphasizes the important influence of enAuronment on 
Aveight. 

Furthermore, Verschuer compared the A^ariations among identical 
tAvins INing under similar conditions Avith those among tAvins Imng under 
dissimilar conditions. Differences in AA’-eight Avere tAvo and a half times 
as great Avhen environment Avas dissimiliar. On the other hand, NeAvman 
and his associates expressed the belief that they liaA^e demonstrated that 
environmental factors cause smaller differences betAveen the tAvo members 
of a pair of identical tAvins than betAveen fraternal tAAons. But since the 
external influences themseh^es Avere so A^ariable. it seems to me unjustifia- 
ble to use the responses to them as a basis for draAving conclusion^. 

57. von Verschuer, O. : Ergebn. d. inn. Med. u. Kinderh. 31:35. 1927. 

58. NcAA'man, H. H. ; Freeman. F. N.. and Holzinger. K. J. : T\vin=: .A. Study 
of Hereditj' and Environment, Chicago, University of Chicago Press, 1937. 
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While it is freely admitted that such features as height, the sweep 
and contour of the body’s lines and the color of eyes and of hair are 
transmissible characters, one hesitates to believe that the weight of a 
human being is determined by inheritance, because, as I have empha- 
sized in this monograph, weight is so easily and greatly altered by 
environmental conditions. It may be true that a good or a poor appetite 
is an inherited feature and that given identical environment those persons 
born with the good appetite would become obese. But the environmental 
experiences to which a person is exposed are highly varied, and his desire 
for food is greatly affected by the character of his world. It will be 
conceded that fashion is a potent determiner of weight. Has not the 
urge to be slim so governed the appetite that the 3mung women of 
America are underweight, and have they not succeeded in training their 
appetites so that they habitually do not partake of food in excess of the 
small amounts that will just maintain their slight bodies? Does not 
the big business man, who considers portliness one of the attributes of 
his success, acquire and maintain a generous girth by indulging in rich 
and sumptuous meals? 

Why did a little boy whose weight had been normal, become obese, 
self centered and dull subsequent to an attack of scarlet fever when a 
physician had informed his mother that her son’s heart had been 
damaged by the infection and that he must remain in bed for months 
and subsequently must be trained to avoid activity? Why did he again 
lose weight some years later when boys at a preparatory school laughed 
at his feminine appearance, and why did he go in for athletics after 
another physician assured him that his heart was normal? Surely these 
are not inherited responses. 

It must be concluded that one of the reactions of the human being, so 
responsive to the flood of stimuli impinging on him, takes place in the 
sphere of appetite and that obesity is a product of his environment. 

Summary . — It is hoped that the foregoing discussion has convinced 
the reader that obesity is never directly produced by increased or dimin- 
ished activity of an endocrine gland. In other words, no internal secre- 
tion is capable of so changing the metabolism that the total amount of fat 
in the body will increase unless the inflow of calories is greater than the 
outflow. 

It remains for the future to decide whether a hypothalamic disorder 
or other cerebral disease is capable of causing human obesity through 
abnormal stimulation of appetite. Whatever the answer, the simple 
principle will remain that obesity is invariably the result of a dispropor- 
tion between the inflow and the outflow of energ)^. The former must 
always be greater than the latter : because either the intake has increased 
or the outgo has diminished. 
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The suggestion of von Bergman, so volubly defended by Bauer, that 
the fat cells of obese persons possess an abnormally great avidity for fat 
and an exaggerated capacity for retaining it finds no support in experi- 
ments designed to test its validity. 

Body build is inherited ; obesity is not. 

HUNGER AND APPETITE 

In the ideal state the living organism is directed by hunger to secure 
food in amounts sufficient to replenish the bodily materials that have 
been destroyed by oxidation or have been excreted. This primitive 
mechanism does not give rise to sensations which are primarily 
pleasurable. It is, so to spealc, more business-like than that. With 
the passage of time hunger has come to be so closely associated with 
other feelings called appetite tliat the mind of man no longer dis- 
tinguishes clearly between the two. Appetite, strictly speaking, is a 
sensation produced by happy memories. The desire for food may be 
the expression of real hunger, but it is more generally a response to 
habit or the anticipation of pleasure. It is modulated by the emotions 
to a striking degree. Fright, fear, sorrow, illness and displeasing sights 
and smells depress or even abolish it. It is stimulated by foods that 
give off pleasant odors, that please the eye and the palate. Happy 
recollections and good companionship are conducive to overeating. It 
ma}^ be that the long established habit of eating certain quantities of food 
has a more profound influence on the appetite than does the intervention 
of lessened physiologic needs associated with hypofunction of an endo- 
crine gland. Most persons know the pain that must be endured when 
the old path is abandoned. 

A number of writers have marvelled at the accuracy with which the 
appetite meets the bodily needs, because the weight of most healthy 
adults scarcely changes from year to year. It is stated in a well known 
textbook that a man 20 years old who weighs 75 Kg. will double his 
weight in another twenty years if he merely eats one butter pat (8.9 Gm. 
of fat) in excess of his caloric requirement every day. But the author 
apparently failed to take into account the enlarging surface area that 
accompanies increasing weight. Consider for example, a normal man 
who weighs 75 Kg. (165 pounds). He would be 5 feet 10 inches (178 
cm.) tall, and his surface ai'ea would be 1.91 square meters. At age 
20 his normal basal heat production would be 41 calories per square 
meter per hour. Accordingly, this hypothetic person would have a 
hasal heat production of 1,880 calories per twenty-four hours. If he 
consumed 80 calories a day in excess of his maintenance requirements, 
the resulting gain in weight would be accompanied by an increase in 
the area of his surface, which would become 1.98 square meters when his 
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weight had reached 81 Kg. The corresponding normal basal metabolism 
would now be 1,956 calories per twenty-four hours, instead of 1,880 
calories. The calories yielded by the extra butter fat would then merely 
furnish the heat of the increment in basal metabolism, and the subject 
would no longer store fat unless he made another addition to his diet. 
The solid line in figure 8 shows the lessening gain in weight correspond- 
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Fig. 8. — Weight plotted against time, with an initial dietary excess of 80 
calories per day. 



Fig. 9. — Excess calories plotted against weight. 


ing to the increasing surface area. The broken lines indicate the rate at 
which weight would be added in the first and in the fifth year. Figure 
9 shows how the diet would have to be progressively increased in order 
to permit the subject to continue to add to his weight at the rate at 
which he did so during the early weeks when the forbidden butter pat was 
actually furnishing 80 calories in excess of his requirement. By the time 
the man had doubled his weight, he would have increased his diet by 
990 calories, not 80. 




1078 


ARCHIVES OF INTERNAL MEDICINE 


These calculations assume that the activity of the subject remains 
constant through the years and that the added weight does not lessen his 
efficiency. 

Inaccuracy of Appetite . — Harrington has been interested in the 
inaccuracies of the appetite. She has devised experiments that test its 
capacity to supply a subject with the right number of calories when he is 
offered different types of food. Three meals a day were served, and 
more food was offered than was consumed. The subjects were asked to 
eat as much as they desired, but they were given no information about 
the composition of the diets, all of which were adequate. The standard 
diet contained 1.5 to 2 calories per gram. A bulky diet was prepared by 
omitting concentrated foods and emphasizing fruits and vegetables. It 
contained 1 calory per gram. All subjects lost weight while taking it, 
because they ate only their habitual volume of food. The concentrated 
diet was constructed by substituting cream and butter for the milk of 
the standard diet and by increasing the sugar. It yielded 2.5 calories 
per gram. All subjects gained weight. They enjoyed this diet to the 
extent of eating more of it than was needed to satisfy the physiologic 
demands. 

Harrington spoke of a patient who had had a thyroidectomy for 
exophthalmic goiter one year previously. Since then she had made a 
marked gain in weight. When she entered the hospital the second time 
her basal metabolic rate was 30 per cent below normal. She was kept 
on a diet of fixed composition and instructed to eat enough of it to 
satisfy her appetite. During the next eight days she took 2,450 calories 
a day and gained 900 Gm. Thyroid medication was then instituted. 
After the metabolic rate had become normal, her average intake was 
only 2,366 calories for eleven days, even though she lost 1,700 Gm. 
in these few days. Her appetite seemed to have lost contact with the 
fundamental requirements. 

Another patient from Harrington's series is cited to emphasize how 
strongly appetite may be affected by the will. A girl 16 years old and 
5 feet 7 inches (170 cm.) tall weighed 264 pounds (120 Kg.) when 
she entered the hospital. She was placed on a 1,000 calory diet and 
given careful instruction in its preparation. She lost 13 pounds (6 Kg.) 
in ten days. She returned six years later weighing 279 pounds 
(127 Kg.). This time she seemed to be in earnest because she had 
found that her size was such a handicap in securing a position. To 
learn whether her attitude toward food had really changed, she was 
offered a bulky diet containing 1 calory per gram. Each day she was 
served 4,000 grams of this diet, but she was given no instruction or 
information about the diet. For fifty-nine days her average intake was 


59. Harrington, M. M. : J. Am. Dietet. A. 6:101, 1930. 
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1,839 calories, and she lost 29 pounds (13 Kg.). The diet was next 
cut in half. Now she took 1,465 calories on the average for fifteen days. 
She was then discharged without instruction. During the next thirty 
days she lost 11 pounds (5 Kg.). 

Evidently the primitive signals which notify the mind that it is time 
to restock the bunkers are often confused by emotional currents. 

The matronly figure is not an unavoidable, although a common, 
sequel to the menopause. It does not mean that the secretions of the 
sex glands, now in abeyance, formerly had the power to restrain the 
growth of the adipose tissues. Rather does it indicate that the woman 
has reached that stage of life when she needs to strive less and finds 
more time for leisure. Even though she now needs much less food, 
she has more time in which to enjoy it and feels that she has earned 
the right to indulge herself. Probably she does not know or is but 
dimly aware that the candies she nibbles at the bridge parties which 
she so enjoys now that she is rested are adding their quota to her girth. 
Or if she is aware of the facts, she does not resist gain in weight, since 
the friends in whom she has the greatest confidence have assured her 
that nature intends her to lay on weight at this time of life. At first she 
still recognizes the signals that notify her that she has had enough to 
eat, but she deliberately ignores them because she has “toed the mark” 
long enough and from now on she is going to “humor herself.” Gradu- 
ally, the warnings become so blunted that she continues to enjoy gus- 
tatory pleasures until they are finally displaced by the discomforts 
attendant on ingestion of great excesses of food. 

Emotional Craving for Food . — Other people grow fat because life 
has become more difficult for them, not less so. They are persons who 
are struggling with a problem — sexual, social or financial — ^for which 
they can find no solution. But they have discovered that they obtain 
temporary solace in eating. For them food acts as a balm, as alcohol 
does for others who find life too hard. We have seen many obese 
patients who either deliberately or rvithout being aware of the situation 
have turned to food as a means of relieving pent-up emotions. The 
following case history is a good example of the development of obesity 
in a patient who strove to .lessen the pain of overwhelming disappoint- 
ment b}’^ incessant eating. 

The patient was an unmarried woman aged 41, 5 feet inches (164 cm.) 
tall, who weighed 225 pounds (102 Kg.) when she entered the clinic. When 
she was 25 j^ears of age she found herself deeply in love with a young man, 
but her father was firmly opposed to their marriage. During the next six months 
she battled with the problem whether she should obey her father, whose guidance 
she respected, or should disregard him. She finally decided in favor of the 
father. By this time she had become so disturbed emotionally that she could 
not bring herself to face the world. In order to avoid contacts, she refused 
to leave the second floor of her home for four years and remained in bed 
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most of the time. She gave no tliought to the food that was brought to her by 
a servant except that she was aware of eating a great deal of sugar. The 
emotional instability became less marked after a time, and then she began to 
realize that she was causing her parents great pain and that ’ she must once 
again take up the usual mode of life. At the beginning of the period of isolation 
she weighed 117 pounds (S3 Kg.). When she emerged, her weight was 161 pounds 
(73 Kg.). She then went to a doctor for reduction of weight. He gave her a 
diet and 2 grains (0.13 Gm.) of thyroid daily. In less than a year her weight 
had diminished to 125 pounds (57 Kg.). Her father died suddenly shortly there- 
after. At that time the family lived in a large house which they had previously 
been able to maintain generously, including the employment of servants. The 
patient now suddenly discovered that the family finances were in a precarious 
condition, and she decided that she must do all the work in the house. Even 
though there were only her mother and herself at home, she began her work 
at 4 o'clock in the morning and attempted to do all of the cleaning, cooking and 
laundering. She shortly found herself overwhelmed with fatigue, and the fear 
that she would be unable to continue the work caused her to attempt to gain 
strength by ,eating a great deal. Soon she disregarded the regular meal hours 
and ate whenever she felt exhausted. She continued to struggle on in this way 
for about a year, when her weight had reached 177 pounds (80 Kg.). And 
now she had to admit to herself that the large amount of food she had been eating 
had not helped her. In fact, she fatigued more easily than before and was hampered 
by shortness of breath. But she was chiefly disappointed because the obesity 
disfigured her. She tried to reduce her weight (without the aid of a physician), 
but she continued to gain nevertheless. When she realized that she was failing 
again, she became tense, restless and was harassed by insomnia. It seemed useless 
to make any further effort. Since she could calm herself temporarily by eating, 
she no longer resisted and ate whenever she felt distracted. She gained 50 
pounds (23 Kg.) in less than a year. Then she concluded to make one more 
attempt to reduce her weight and came to the hospital for that purpose. 

The examination disclosed no abnormalities other than the adiposity. She 
was instructed to eat all her meals in the special diet kitchen, where she received 
450 calories daily. During the next four months she lost approximately 60 
pounds (27 Kg.). After she adhered to the diet for a few weeks, the craving 
for food had disappeared and her appetite was satisfied. She was amazed. 

About a month later she became emotionally upset and experienced a distaste 
for food. For a time she refused a good deal of the diet, but this episode lasted 
only a few days. Subsequently she adhered strictly to the plan and had no 
desire to eat more than she was offered. Accompanying the conviction that 
her weight would soon be normal again, a change in attitude occurred. She 
no longer worried and found that she was calm and philosophic. 

The next case is another typical example of the use of huge quan- 
tities of food to assuage a seemingl)'- hopeless situation. This time it 
was the physical and mental cruelty inflicted by a drunken husband. 

The patient was 25 years of age when she entered the clinic. Her height was 
5 feet 7j4 inches (171 cm.) and she weighed 248 pounds (113 Kg.). She had been 
married six years previously to a man who was apparently a successful innkeeper. 
The first three years of married life were peaceful and pleasurable. Then, for 
no reasons evident to the patient, the husband began drinking heavily, took to 
gambling, neglected his business and went into debt. He became ill humored and 
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rough. To increase his income he converted the inn into a brothel and demanded 
that his wife, who was one of the waitresses, permit the male patrons to have 
sexual intercourse with her just as the other girls did. Her initial refusal was 
overcome by beating her so violently that she had to remain in bed for a week or 
two on numerous occasions to recover from the attacks. 

She now noticed that for the first time in her life she was nervous and 
irritable and that she was annoyed by a gnawing sensation in her stomach. 
The latter discomfort was relieved by food, and she was gratified to find that 
large frequent meals made her better able to tolerate her lot. She now deliber- 
ately used food, wine and whisky to comfort her. It was not unusual for her 
to eat three large steaks a day and fill in the intervals with almost continuous 
munching of anything that caught her eye, and she “washed down” the solid 
foods with generous draughts of beer, interspersed with frequent gulps of wine 
and whisky. At the beginning of this period of overeating she weighed 148 
pounds (67 Kg.). This was normal for her. During the next two and one-half 
years she gained 100 pounds (45 Kg.). She was divorced at about that time 
and has not gained since. 

The examination disclosed a. slovenly, unkempt young woman who suffered great 
emotional pain as she revealed her cruel experiences. She expressed great 
gratitude and relief when she began to feel that we intended to treat her in a 
dignified manner, that we understood her problem and that we were confident 
that we could make her a presentable young woman by reducing her weight to 
normal. She lost 17.1 pounds (8 Kg.) during the period of thirty-one days while 
she was an inpatient. She was discharged on a diet of 450 calories daily and has 
adhered to it without any difficulty. 

Food Habits of Obese Persons . — Most recent writers have taken 
the position that obesity must be caused by a positive balance of energy. 
Since the expenditure of energy by obese persons is at least as great 
as that of normal persons, the law of conservation of energy demands 
an excessive inflow of calories to explain the adiposity. But it is 
perhaps possible that this law might be evaded by some metabolic aber- 
ration that has escaped detection. It is therefore important to study 
the food habits of obese persons as well as their dissipation of calories. 
A good deal of information about this question is available. In 
Lauter’s experience, patients suffering from "endocrine" forms of 
obesity consume amazing quantities of food exactly as do patients with 
obesity due to other causes. Dunlop and Murray Lyon inquired 
into the dietary habits of a large group of patients. They found that 
an excessively large and poorly balanced diet was, among all the factors 
examined, the one most commonly present. Lambie and Campbell °- 
reported similar observations. Kisch®^ went further. He had 50 
obese patients keep records of their food consumption. It ranged from 

60. Dunlop, D. M., and Murray Lyon, R. M. : Edinburgh M. J. 38:561 
1931. 

61. Lambie, C. G.: Brit. M. J. 2:885, 1935. 

62. Campbell, W. R.: Canad. M. A. J. 34:41, 1936. 

63. Kisch, R: Ztschr. f. klin. Med. 132:504, 1937. 
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2,900 to 3,500 calories per twenty-four hours. Thirty patients who 
remained in bed were fed 200 calories in excess of their basal require- 
ments. Twenty-eight of them complained of hunger. The obvious 
inference was that they had previously eaten much more. 

Bruch has made an exhaustive study of the food habits of 142 
obese boys and girls, 2 to 13 years of age. She remarked that the 
tendency of the children and of their parents to minimize the food 
intake was encountered frequently but detailed questioning usually 
revealed the true picture. One mother, for example, who first answered, 
“Just normal, he doesn’t eat much,” later in the interview stated, 
“I know; I stufiled him like a goose.” Nearly all the children had 
eaten excessive amounts of starchy food. She mentioned a boy of 10 
who admitted six slices of bread, as sandwiches, a piece of cake, four 
apples and five bananas as a regular lunch, in addition to several 
glasses of milk. Not one child had learned to eat a mixed, well balanced 
diet. Vegetables and salads were the foods most frequently disliked. 
All children ate between meals whenever they felt like it. Bruch was 
convinced that the children became fat in all cases because they over- 
ate. She emphasized the close association between overeating and the 
lack of social maturation. Many of the children, for example, were 
incapable of dressing themselves. It was not unusual to learn that a 
child of 10 years was still being dressed and bathed by the mother 
and was not allowed to play with other children. This overprotection, 
which deprives the child of normal outlets, turns his attention to the 
satisfaction gained by eating. The obesity in other children dated from 
an upsetting experience. Often the fear that sexual development was 
abnormal had given rise to self pity and compensation in gluttony. 

One is forced to conclude that obesity is invariably caused by eating 
more than the body needs, whether the patient be an adult or a child. 
Overeating is the expression of a habit or of a mood. 

Hypoglycemia . — It has been suspected that the hunger caused by 
h 3 -poglycemia has driven some patients to overeat and so become obese. 
This idea seemed to be supported by the observations of a number of 
investigators who reported that the appetite of emaciated patients could 
be stimulated by injections of insulin. However, Freyberg,°° who 
attempted to confirm these observations, found that the whole effect 
was obtained through suggestion, since injections of solution of sodium 
chloride increased the appetite as successfully as insulin did. Further, 
he found that insulin had no effect on appetite unless the patients were 
informed that the medicine was given to help them eat more. Hypo- 

64. Bruch, H. : Obesity in Childhood : III. Physiologic and Psychologic Aspects 
of the Food Intake of Obese Children, Am. J. Dis. Child. 59:739 (April) 1940. 

65. Freyberg, R. H. : Am. J. M. Sc. 190:28, 19.'^5. 
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glycemia is capable of causing great hunger in rats, but the level of 
blood sugar must be extremely low and continuously so. MacKay and 
Callaway were unable to make rats fat by injections of legular insulin. 
It was necessary to maintain continuous and severe hypoglycemia by 
means of large doses of protamine zinc insulin in order to obtain fat 
rats. The blood sugar was kept at such a low level that the rats died 
when deprived of food for four hours. Barnes and Keeton ‘ found it 
necessary to inject huge doses of protamine zinc insulin to obtain 
obesity. When 32 units per kilogram was injected twice daily, some 
rats gained 3 to 4 Gm. daily. But food had to be kept before them at 
all times to prevent death. Even so, the mortality was high. 

Such profound degrees of hypoglycemia do not occur spontaneously 
in human beings, except in the decidedly infrequent cases of 'hyper- 
insulinism caused by tumors of the islands of Langerhans. We have 
recently seen a patient who had had one or more hypoglycemic convul- 
sions every day for ten years. She had learned that eating was the 
only way to obtain any relief, but it was so short-lived that frequent 
feedings were essential. She became very obese. Operation disclosed 
multiple adenomas of the insular tissue. 

If the common types of obesity are ever associated with hypo- 
glycemia, the lowering of the blood sugar must be trivial, since it does 
not cause the classic symptoms of hypoglycemia and there is no evi- 
dence that the lesser grades of low blood sugar increase appetite. Fur- 
thermore, I am unaware that any one has demonstj'ated low blood 
sugar in patients whose main complaint was obesity. The determi- 
nations we have made on such patients have failed to reveal a low 
level of blood sugar in a single instance. On the contrary, hyper- 
glycemia is commonly encountered. In fact, one writer stated that he 
finds high levels of blood sugar in nearly every patient who has been 
obese for twenty years. 

THE fundamental CAUSE OF OBESITY 

Many investigators have striven earnestly to discover why human 
beings become obese. During the era when methods for measuring 
energy metabolism were being developed, several prominent investigators 
became convinced, first that the basal metabolism of obese persons was 
abnormally low, then that their caloric response to food was lessened. 
However, further study with better methods has demonstrated that the 
energ)' performances of the obese person in both these phases are normal. 

, In fact, it is now known that the presence of adiposity increases the total 

, 66. MacKay, E. M., and Callaway, J. Proc. Soc. Exper. Biol & Med 

; 36:406, 1937. 

^ 67. Barnes, B. O.. and Keeton, R. U.: Am. J. Physiol. 129:P305, 1940. 
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heat production. A fat person requires more food calories than his 
normal control merely to avoid loss of weight. 

As the functions of the endocrine glands came to be understood and 
their key position was more clearly appreciated, it seemed to many leaders 
of the medical profession that hypofunction of the pituitary, the thyroid 
or the gonads offered an adequate explanation of the development of 
adiposity. But again further study has shown that this is not the cause. 
Luxuskomiimption, lipophilia and hypoglycemia have had the same fate. 

These past efforts have not been wasted, however, for they have 
cleared the field for the acceptance of the doctrine that obesity is 
invariably caused by an inflow of energy that exceeds the outflow and 
that this disproportion is brought about by abnormality of the appetite. 
Excessive eating is an expression of a mood. It is a behavioristic 
response to a person’s environment. This is not the place to attempt 
an analysis of behavior. For my purpose it will be sufficient to state 
that conduct is an exceedingly complex blend of hereditary acquisitions 
modified b)'- earlier environmental experiences. This results in many 
different types of response by different persons when faced with seem- 
ingly identifical problems. One person suddenly faced by danger will 
run from it; the next one will attack it. Physical fatigue causes an 
insistent desire for food in some persons ; other persons suffering from 
fatigue are repelled by food. 

While no attempt is made to discuss the ultimate origins of behavior, 
the understanding of obesity will be advanced by making a list of 
proximate causes to which some persons respond (in part) by over- 
eating: (1) overemphasis by a parent of the importance of food in a 
child’s upbringing; (2) gratification obtained from the flavors of foods; 
(3) the feeling of repose and comfort produced by a full stomach; (4) 
the temporary respite from anguish caused by intellectual, social or 
sexual failure; (5) the food habits of youth which are carried over into 
middle age, even though the need for food is diminished, and (6) dis- 
abling disease with its lessened energ}"- requirement which is compensated 
for by indulgence in food. 

PREVENTION 

Since obesity is an entirely preventable disease, people should be 
taught how to avoid it. A real effort to acquaint mothers with the 
dietary needs of their children would be a worth while addition to public 
health programs. School physicians ought to take the responsibility of 
teaching children the penalt}'- of overeating. Physicians who are caring 
for patients suffering from chronic illnesses that limit activity should 
carefully plan the diet to avoid the insidious acquisition of excessive 
adipose tissue. 
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TREATMENT 

Weight can always be reduced by adherence to a restricted diet, but 
cooperation by the patient is unlikely until the nature of obesity is 
elucidated and his particular reason for overeating has been discovered 
and explained to him. The chronicity of his ailment and its lack of 
immediately disabling features and of severe pain make it so easy to find 
excuses for delaying treatment or for being lax about it. Most patients 
are unaware of the threat to life that obesity entails, and they can scarcely 
be expected to take their condition seriously until they acquire the 
information. 

Endocrine Medication . — ^Thyroid preparations are prescribed by 
physicians who attribute obesity to hypofunction of the thyroid gland, 
but it has been pointed out that the metabolic rate with few exceptions is 
normal and that the twenty-four hour heat production of obese persons 
is greater than that of persons whose weight is normal. It does not seem 
wise to burden the patient with the irritability and nervousness of hyper- 
thyroidism and to add to the burden of a circulation already overloaded. 
Only when the occasional patient is encountered whose basal metabolic 
rate is pathologically low is thyroid medication justified. 

There is serious objection to the administration of any endocrine pre- 
paration because the patient, already conditioned by the propaganda of 
friends and of advertising, is confirmed in his belief that he is the victim 
of a glandular disease. He is satisfied that the substitution therapy will 
reduce his weight and that the diet, in spite of the preachments of the 
physician to the contrary, need not be taken seriously. 

Exercise . — Exercises of all sorts are widely advocated. These include 
massage and other passive exercises, but it surely must be realized that 
the muscular activity indulged in by the attendant is incapable of increas- 
ing the heat production of the patient. The latter must do the work if he 
is to dissipate the energy. But how much can be accomplished by muscu- 
lar work? The mechanical equivalent of heat is 427 kilogram meters per 
calory. Since a human being is only about 25 per cent efficient, he will 
dissipate 3 calories as heat for every calory he converts to work. Accord- 
ingly, it will cost him 4 calories to raise 1,000 pounds (454 Kg.) three 
feet (91 cm.). If he weighs 250 pounds (114 Kg.), he can climb a flight 
of stairs 10 feet (305 cm.) high at the expense of but 3 calories. But by 
depriving himself of one third of a gram of butter or one fourth of a 
teaspoon of sugar, he will reduce his intake 3 calories. He will have to 
climb twenty flights of stairs to rid himself of the energy contained in 
one slice of bread 1 If he is a good walker he may dissipate 100 calories 
per horizontal mile. Omission of an ounce of cream will reduce the inflow 
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of calories to the same extent. Since adipose tissue yields 8 calories per 
gram, the mile’s walk will reduce the patient’s weight only 12.5 Gm. He 
must walk 36 miles (58 kilometers) to rid himself of 1 pound (0.5 Kg.) 
of adipose tissue — how disappointing ! Exercise is usually a much harder 
way of reducing weight than by limitation of food. 

Patients who derive pleasure from being muscularly active need not 
be restricted, provided they are not overtaxing their hearts. Wilder 
has recently pointed out that some obese patients lose weight more rapidly 
while they remain in bed than when they are up. He stated the suspicion 
that they are suffering from lesser grades of passive congestion due to 
myocardial weakness and that the rapid decline in weight when they are 
confined to bed is due to loss of edema. Unfortunately, those who enjoy 
the exercise are also often the ones who acquire a ravenous appetite in 
the process and find it harder to adhere to a diet when they are active 
than when they are quiet. 

Exercise may be harmful in still another way. When low calory 
diets are being used, most of the energy expended by the patient will be 
derived from body fat, and since the organism is restricted in its capacity 
to oxidize fat completely, this limit may be exceeded. Heat production 
of about 3,500 calories per twenty-four hours in a person receiving a 
450 calory diet may be expected to cause acidosis. The pertinent facts 
in the most striking example of this condition that my associates and I 
have witnessed are recorded here : 

Miss B., 24 years old and 5 feet 6j4 inches (168 cm.) tall, weighed 289 pounds 
(131 Kg.) when she was admitted to the hospital for the treatment of obesity. 
During the next four weeks she was studied intensively on several reduction 
diets and was then placed on a diet that yielded 450 calories and consisted of 
protein 60 Gm., fat 10 Gm. and carbohydrate 30 Gm. Twenty days later, when 
her weight had fallen to 269 pounds (122 Kg.), she secured a room near the 
hospital but continued to come to the hospital for her diet. Since she enjoyed 
walking and knew that exercise would hasten the loss of weight, she strolled 
about considerably and gradually increased the length of the walks. One day she 
was on her feet, walking and shopping for eight hours. Late that afternoon, for 
the first time, she felt fatigued and had no desire for food. Nevertheless, she con- 
tinued her activities that evening. Next morning she had no complaints but refused 
most of the noon meal and all of the evening one. By 10 : 30 p. m. she was definitely 
nauseated. She drank some orange juice but vomited it. She slept well that 
night. The third day she had no desire for food and ate little. That evening she 
felt ill generally. The fourth and the fifth day she stayed in bed and ate nothing. 
By the sixth morning she was so nauseated that she vomited every time she ate. 
Her vision was blurred; she had a pain in the pit of the stomach, and she was 
short of breath. These symptoms increased during the day, especially the nausea. 
And then for the first time, she reported her difficulties to her physician, who moved 

68. Wilder, R. M.; Smith, F. H., and Sandiford, I.: Ann. Int. Med. 6:724. 
1932. 
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her into the hospital and gave her an intravenous injection o£ 3,000 cc. of a 5 
per cent solution of dextrose in water. By the next morning she was still nauseated 
and fatigued, but the other symptoms were gone. Twenty-four hours later she 
felt quite well again. 

Diet.—T\\Q.re is a considerable difference of opinion about how many 
calories the reduction diet should contain. Some authors have expressed 
the opinion that patients are less liable to cheat when only moderate 
restriction is prescribed. Our own experience has led my associates and 
me to the opposite conclusion. The slow loss of weight that accompanies 
the more liberal plans is so discouraging that the patients often give up 
the diet after a few months. We, like Evans, have had most success 
when we have limited the calories sharply. The fear that the .small diet 
will not maintain nitrogen balance has been set aside by Strang and 
McClugage.^® They have shown that obese patients who subsisted on 
450 calories daily were always in nitrogen balance when the diet con- 
tained 60 Gm. of protein. By choice, we prescribe a similar diet. 

Selection of Food — The reduction diet requires the use of milk, 
eggs, meat and meat substitutes, fruits and vegetables and whole wheat 
bread or whole grain cereal. Simple cookery is desirable, and the food 
should be prepared without the addition of fat. It is our experience that 
the dietary habits of obese people may be characterized not by an intake 
of a large quantity of food but rather by the use of moderate quantities of 
foods with a high caloric value. In the instruction of an obese patient, it 
is a simple matter to teach him to omit sugar because sweet flavors are 
not easily disguised. It is also relatively simple to teach him to limit the 
use of foods high in starch. Restricting of the intake of fat is a more 
difficult matter which requires special precautions in preparation and in 
cookery. The use of so-called “dietetic food” is usually not necessary. 

The foods commonly used in low calory diets will be discussed here. 

Milk ; It is a good practice to use a pint of whole milk for each diet 
of 1,000 calories or over. Half of a large can of evaporated milk has 
the same food value as a pint of fresh milk. A pint of skimmed milk or 
of buttermilk has half the caloric value of a pint of whole milk and is used 
for diets containing less than 1,000 calories. Skimmed or separated milk 
obtained from the dairy contains only about 0.1 per cent fat. Pouring 
the cream layer from a bottle of milk will not give a product as low in 
fat as the dairy skimmed milk. 

Meat and Meat Substitutes : Two servings each day should be used. 
Beef, veal, lamb and fowl are prepared by broiling, roasting and boiling. 

69. Evans, F. A.; Tr. A. Am. Physicians 53:352, 1938. 

70. Frances MacKinnon, dietitian, University Hospital, guided me in the 
preparation of this section. 
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Lean cuts should be selected. The fat content is determined both by the 
type of animal and by the region of the body, as will be seen in table 19. 
The methods used for preparing meat are suitable also for fish. Fat 
is removed from canned salmon or tuna by scalding it with boiling water. 
Since shell fish are lower in calories than meats, their use should be 


Table 19. — Fat Content per Hundred Grams of Various Foods* 


0.1 to 2 % 

2 to 5% 

6 to 10 % 

10 to 15% 

Fish 

Fish 

Fish 

Fish 

Bass 

Bluefish 

Butterfish 

Halibut, smoked 

Carp 

Halibut steak 

Eel 

Herring, canned 

Cod 

Mackerel, horse 

Herring, Atlantic 

Mackerel, Atlantic 

Croaker 


Lake trout 

Mackerel, Spanish 

Finnan haddie, smoked 

Chicken 

Salmon, canned 

Salmon, Atlantic 

Flounder, southern 

Light meat 

Shad 

Haddock 

Dark meat 


Lamb 

Whiting 

Gizzard 

Duck, domestic 

Chops 

Perch 

Pickerel 

Liver 

Muscle 

Shoulder, lean 

Pike 

Duck, ivlld 

Turkey 

Beef 

Porgy 

Muscle 

Dark meat 

Keek, very lean 

Red snapper 

Gizzard 


Bib, very lean 

Smelt 


Rabhit, domestic 

Roast, lean 

Sole 

Turkey 

Muscle 

Sirloin 

Sturgeon 

Light meat 


Tenderloin 


Liver 

Veal 

Tongue, lean 

Shellfish 


Loin 


Clam 

Rabbit, wild 

Rib, lean 

Venison 

Crab 

Muscle 

Round, lean 

Side and bind 

Crayfish 

Frog legs 

Veal 

Rump, lean 

quarter 

Lobster 

Kidney 

Lamb 


Mussels 

Liver 

Leg, lean 


Oysters 

Sweetbread 


Scallops 

Tongue 

-Beef 


Shrimp 

Lamb 

Brains 

Chuck, lean 


Miscellaneous 

Liver 

Corned beef, very lean 


Cottage cheese 

Kidney 

Dried beef 


Tripe 

Beef 

Foreshank 

Hindshank 



Liver 

Kidney 

Round, lean 



Pork 




Kidney 

Venison, lean 



Liver 

Goose, muscle 

Guinea hen 

Quail 



* Adapted from Chatfleld, O., and Adams, G.: Proximate Composition of American Food 
Materials, Circular 549, IF. S. Dept, of Agriculture, June, 1940. Articles high in fat have been 
omitted. 


emphasized. Cottage cheese is the only cheese suitable for use in a diet 
with restricted calories; other varieties contain as high a percentage of 
fat as medium fat meat. Eggs should be boiled or poached to avoid the 
fat which is ordinarily used when they are fried or scrambled. 

Vegetables (table 20) : For diets of 800 calories or over it is well to 
prescribe at least three servings per day, one serving to be eaten raw. For 
diets of 800 calories or less, the vegetables can be chosen only from the 
3 per cent and the 6 per cent list. Because of their vitamin and mineral 
values the daily use of leaves, stems or pods with a green color should be 
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stressed. In the cooking or serving of vegetables it is usual to add some 
form of fat. In the southern states salt pork is used in the cooking of 
greens and green beans. In the North butter is added to vegetables 


Table 20.— Fruits and Vegetables Classified According to Their Average Calorific 

Values per Hundred Grants^' 


10 Calories 

“3 per cents" 

Oarbohydrate, 3 Gm. 

Protein, l Gm. 

Vegetables 
Asparagus 
Bamboo shoots 
Beans, green f 
Beans, wax t 
Bean sprouts 
Beet greens 
Broccoli 
Cabbage 
Cabbage, Chinese 
Caulifloivcr 
Ceiarf 
Chard 
Chicory 
Cress, water 
Oucumbers 
Endive 
Esearole 
French endive 
Lettuce 

Mustard greens 

Eadishcs 

Sauerkraut 

Sorrel * 

Spinaeh 

Squash, summer 
Tomatoes 
Tomato juice 
'Turnip tops 

Bruit 

Eliubaib 

52 Calories 

"12 per cents” 

Carbohydrate, 12 Gm. 

Protein, 1 Gm. 

Vegetables 
Lima beans, green, 
canned t 


Fruits 

Apricots, fresh 

Cherries, sour, fresh 

Oranges 

Orange juice 

Pineapple 

Plums 

Kumquats 


28 Calories 
"6 per cents” 

Carbohydrate, 6 Gm. 
Protein, iGm. 

Vegetables 
Carrots, canned 
Coliards 

Dandelion greens 

Eggplant 

Kale 

Kohlrabi 

Leeks 

Lamb’s quarters 

Okra 

Parscly 

Peppers 

Pumpkin 

Squash, winter 

Turnips 

Fruits 

Blackberries 

Melons 

Strawberries 


G1 Calories 
“15 i)cr cents" 

Carbohydrate, 15 Gm. 
Protein, 1 Gm. 

Vegetables 

Parsnips 

Kidney beans, red, canned t 
Pens, fresh f 

Fruits 

Huckleberries 

Grapes 

Mangos 

Nectarines 


40 Calorics 
“D per cents" 

Carbohydrate, 9 Gm. 
Protein, 1 Gm. 

Vegetables 
Brussel sprouts 
Beets 

Carrots, fresh 
Onions, fresh 
Peas, canned t 
Rutabagas 

Fruits 

Applesauce, canned, 
unsweetened 
Apricots, water-packed 
Blueberries 
Cranberries 
Gooseberries 
Grapehuit 
Grapefruit juice 
Peaches 
Pears 

Loganberries 

Limes 

Lemons 

Raspberries 

Tangerines 


DC Calories 
"18 per cents" 

Carbohydrate, 18 Gm. 
Protein, 4 Gm. 

Vegetables 
Corn, canned, sweet 
Potatoes 


Fruits 
Prune juice 
Figs, fresh 
Grape juice 
Pomegranates 


* Adap^d from Cbatflcld, O., and Adams, G.: Proximate Composition of American Food 
Materials, Circular 649, U. S, Dept, of Agriculture, June, 1940. 

Since tables like this were devised originally for use in prescribing diabetic diets, the foods 
arc usually referred to in terms of the carbohydrate content. Thus any item in the first 
column is spoken of as a “3 per cent," not as a ‘TO calory” food. 

t TlJO protein content of these foods is distinctly higher than 1 Gm. per cent. Aecord- 
ingly, they should either be omitted when weighed diets are prescribed or the additional 
calories should bo taken into account. Green beans and wax beans contain 2 5 per cent 
protein, canned peas 4 per cent protein, canned green lima beans 5 per cent protein, canned 
red kidney beans c per cent protein and fresh peas 7 per cent protein. 


before they are sent to the table. The people of southern Europe and 
Asia Minor cook vegetables in olive oil. Hence, obese patients should 
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be instructed that steaming, baking or boiling -vegetables in salted water 
are the only methods of preparation to be used and that the vegetables 
should be served without the addition of fat. 

Fruits (table 20) : It is desirable to include two servings of low 
calory fruits each day, and preferably both should be eaten raw. Of the 
canned fruits, only those which are juice packed or water packed are 
suitable for use. In areas where housewives can their own fruit, it is a 
simple matter to add only water to the fresh fruits before the jars are 
processed. Contrary to popular opinion, a sugar syrup does not prevent 
spoilage of the fruit. 

Bread: Since the refined bread flours have been deprived of the 
vitamins and minerals present in the whole seeds, it is desirable to urge 
the use of whole grain breads. However, since bread is a concentrated 
food, none of it is included in the 450 calory diet (table 21) and only one 
slice is prescribed in the 600 and the 800 calory diet (tables 22 and 23). 
Under such circumstances, even whole grain bread would be an unimpor- 
tant source of vitamins. Furthermore, many patients dislike to eat whole 
grain bread. Fortunately, they can now obtain a product of nearly equal 
value in the form of “enriched” bread. 

Fats : It is important to instruct the patient carefully with regard to 
the amount of fat which is to be added to his food. Butter or fortified 
margarines are the preferable forms to use, because even a small amount 
will add some vitamin A, while the meat fats and vegetable oils are 
devoid of this vitamin. For use in low calory diets, there are some 
palatable butter substitutes which are calory free. 

Other Foods: Since clear tea and coffee, mushrooms and the soup 
made from bouillon cubes contain no calories, they can be used in any 
quantity desired. Saccharin is satisfactory as a sugar substitute. Salt, 
condiments and vinegar may be used as seasoning. 

Since it is believed that the epigastric distress of which many patients 
complain is due to emptiness of the stomach, it is important to consider 
the distribution of the food. Even though three meals a day may not 
always conform to the patient’s previous food habits, he will find that he 
gets hungry less frequently if he eats at least three times a day. Protein 
requires several hours of gastric digestion and therefore slows the empty- 
ing time of the stomach. The use of a food high in protein at each meal, 
such as an egg for breakfast and meat, fish or cottage cheese at luncheon 
and dinner, will keep the patient from having sharp hunger pains an 
hour or two after meals. If the meals are more than four hours apart, 
a quart of skimmed milk or buttermilk may be substituted for a pint of 
whole milk in the day’s allowance and a glass of milk used at an interval 
half way between each two meals and at bedtime. 

The matter of the measurement of portions calls for some comment. 
It is our experience that the use of dietetic scales, which weigh the food 
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in grams or ounces, is the best solution for a trying problem. These 
scales are simple to use, and food may be weighed directly in serving 
dishes without the extra handling necessitated by the use of cups. There 
are several inexpensive dietetic scales on the market, and usually they can 
be resold when the patient has completed his reduction of weight. The 
other and more commonly used method is prescribing foods in the ordi- 
nary household measure: cups, tablespoons and teaspoons. For many 
cooked vegetables, such as greens, tomatoes and diced root vegetables, 
measuring with a cup is satisfactory. For asparagus, broccoli, whole 

Table 2\.~Reduction Diet, Four Hundred and Fifty Calories 
Protcia CO Gm., Pat 9 Gm. and Carbohydrate 32 Gm. 


Menu Plan 

Breakfast: 

0 per cent fruit 100 Gm. 

Skimmed milk 200 Gm. 

Coffee Ad libitum 

Luncheon: 

Meat or fish 60 Gm. cooked 

3 per cent vegetable 100 Gm. 

Skimmed milk 100 Gm, 

Dinner: 

Meat or fish 90 Gm. cooked 

3 per cent vegetable 100 Gm, 

Skimmed milk 100 Gm. 


Sample Menu 

Breakfast: , ,, - " 

Melon 100 Gm, 

Skimmed milk 200 Gm. 

Coffee Ad libitum 

Luncheon: 

Boiled shrimp * 100 Gm. 

Lettuce and tomato salad 100 Gm. 

Skimmed milk lOO Gm. 

Coffee Ad libitum 

Dinner: 

Lean corned beef 00 Gm. cooked 

Stelng beans 00 Gm. cooked 

Cole slaw (raw cabbage with vinegar and sea.=onlngs) 40 Gm. 

Skimmed milk lOO Gm. 

Coffee Ad libitum 


* Note that 100 Gm. of shellfish has the caloric value of 60 Gm. of lean meat or fish. 

lieets or baked squash, attempting to measure with a cup spoils the appear- 
ance of the vegetable. It is almost impossible to measure raw vegetables 
satisfactorily, and the use of terms such as “medium” or “small” is leaving 
the size of the portion to the patient’s judgment. It is also difficult to 
describe the sizes of servings of raw fruits, although one may use the 
diameters of round fruits or number of berries or grapes. The greatest 
difficulty arises in teaching the patient the -sizes or portions of meat. 
Wax food models are helpful, but they are expensive and difficult to 
secure. However, for diets of 800 calories or more, the use of household 
measures and descriptive terms may suffice. When diets with fewer 
calories are prescribed, the patient needs a dietetic scale to insure pre- 
cision in measuring portions. 
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Diet Prescriptions . — The plan for a diet restricted to 450 calories Mdll 
be found in table 21. It also shows the selection and distribution of the 
actual food for one day. It will be noted that green leaves and fruits 
are emphasized. The bulk thus afforded compensates partly for the 
meagerness of the diet, and, of equal importance, these foods are excellent 
sources of the vitamins. However, any possible insufficiencj^ of vitamins 
should be guarded against by prescribing additional amounts of the 
vitamin B complex. The 400 Gm. of skimmed milk supplies nearly 


Table 22. — Reduction Diet, Six Hundred Calories 
Protein 65 Gm., Pat 9 Gm. and Carbohydrate 65 Gm. 


Menu Plan 


Breakfast: 

6 per cent fruit 100 Gm. 

Bread 30 Gm. 

Skimmed milk 100 Gm. 

Coffee Ad libitum 

liuncheon: 

Meat or fish 60 Gm. cooked 

3 per cent vegetable 100 Gm. 

6 per cent fruit or vegetable 100 Gm. 

Skimmed milk 200 Gm. 

Binner: 

Meat or fish 90 Gm. cooked 

3 per cent vegetables 

1 raw 100 Gm. 

1 cooked 100 Gm. 

9 per cent fruit or vegetable 100 Gm. 

Milk 100 Gm. 

Tea or coffee Ad libitum 


Sample Menu 

Breakfast: 

Melon slices • 100 Gm. 

Bread, toasted, dry 30 Gm. 

Skimmed milk 100 Gm. 

Coffee ; . Ad libitum 

Luncheon: 

Cottage cheese with olives 90 Gm. 

Head lettuce (dressed with taragon vinegar and condiments) 100 Gm. 

Baspberries 70 Gm. 

Skimmed milk 200 Gm. 

Dinner: 

Groimd beef patty, broiled 100 Gm. 

Beet greens with lemon 100 Gm. cooked 

Sliced tomato 100 Gm. 

Peaches, water-packed 100 Gm. 

Skimmed milk 100 Gm. 

Coffee Ad libitum 


0.5 Gm, of calcium, which is sufficient for an adult, and at the same 
time serves as a source of excellent protein. Practically all of the 
60 Gm. of the protein prescribed are of animal origin. The fluid 
intake is not limited, since large amounts of liquid do not cause retention 
of water and restriction of fluids does not prevent it. 

A diet of this type causes a loss of 3 to 5 pounds (1,3 to 23 Kg.) 
a week, on the average. The patient may be assured that he will lose 
50 pounds (23 Kg.) in three or four months-. After a few weeks when 
he is convinced that he is really losing at the promised rate, he finds it 
less trying to continue the plan. It is harder to follow a diet at home 
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than in the hospital where the food is put before the patient as a matter 
of course and without any expression of sympathy. This is especially 
true for the housewife who is responsible for feeding the family. The 
preparation of meals whets her appetite, and she must display great 


Table 23 . — Reduction Diet, Eight Hundred Calories 

Protein 73 Gm.. Fat 28 Gm. and Carbohydrate 65 Gm. 


Breakfast 

Menu Plan 

Household 

Measure 

1 serving 

Weight, 

Gm. 

100 



1 

60 



1 slice 

30 



• 1 teaspoon 

5 

Luncheon : 


2 oz. 

60 



1 serving 

100 

6 per cent fruit or vegetable.. 


1 serving 

1 glass 

100 

200 



1 teaspoon 

5 

Dinner: 


3 oz. 

90 

3 per cent vegetables (l raw, 1 cooked) 

9 per cent fruit or vegetable 

2 servings 

1 serving 

1 glass 

1 teaspoon 

’/^cup 

1 

200 

100 

200 

“Rnffor 


6 

Breakfast: 

Sample Menu 

90 

50 

SO 

5 



Whole wheat toast 


1 slice 

1 teaspoon 

Ad libitum 

Black coffee 


Ad libitum 


Luncheon: 

Crab meat salad: 

Diced celery i 

Grab meat 

Minced onion and lemon 
Lettuce leaves 

Mayonnaise * 

Melon 

Skimmed milk 

Dinner: 

Beef steak, broiled 

Asparagus 

Tvith butter 

Lettuce salad: 

Lettuce 

Tomato 

Dressing * 

Pear 

Skimmed milk 


Vi cup 

60 

% cup 

120 

1 tablespoon 

15 

1 

60 

1 glass 

200 

3 oz. 

90 

C stalks 

100 

2 teaspoons 

10 

% head 

50 

1 small 

100 

Ad libitum 

Ad libitum 

% cup 

120 

1 glass 

200 


* Ingredients: l egg, 1 teaspoon salt, 1 teaspoon mustard, 2 cups liquid petrolatum. 2 table- 
spoons vinegar and % teaspoon paprika. 


fortitude not to overstep her own meager allowance. For these reasons 
we urge the patients to experience the first two or three weeks of food 
restriction in the hospital. This also gives them the opportunity to 
acquire some information about the selection of food from the instruction 
provided for them. 



When the need to lose weight is urgent, as, for example, in heart 
disease, we have not hesitated to restrict the diet to 300 calories. The 
patient in figure 10 was intensely dyspneic and deeply cyanotic when he 



Fig. 10. — A, extreme obesity characterized by firm masses of adipose tissu^ 
B, the same patient one year later. Dietary restriction has caused a loss of 
pounds. The masses of adipose tissue are much smaller. C, the same patient 
two years of dietarj”^ restriction. The total loss of weight was 366 pounds. c 
masses of adipose tissue are gone. 


•I 
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appeared for treatment. The circumscribed masses of adipose tissue in 
the pubic region and above the knees should be noted for they, together 
with the pain expressed in his face, would lead some clinicians to make a 
diagnosis of adiposis dolorosa (Dercum’s disease). He was placed on a 
diet that contained 25 Gm. of protein and 300 calories. There was no 


Table 24. — Reduction Diet, One Thousand Calories 
Protein 75 Gm., Pat 43 Gm. and Carbohydrate 85 Gm. 


Menu Plan 




Household 

Weight, 

Breakfast 

Measure 

Gm. 

C per cent fruit 

1 serving 

lOO 

Egg 

1 

50 

Bread 

1 slice 

30 

Butter 

1 teaspoon 

5 

Coffee ad libitum, with milk 

1 oz. 

30 

Luncheon: 



Lean meat, fish 

2 oz. 

GO 

or 



Cottage cheese...... 

3 oz. 

90 

3 per cent vegetable 

1 serving 

100 

6 per cent fruit or vegetable 

1 serving 

100 

Bread 

1 slice 

30 

Butter 

1 teaspoon 

5 

Whole milk 

1 glass 

200 

Dinner; 



Lean meat or fish 

3 oz. 

90 

3 per cent vegetables (1 raw, 1 cooked) 

2 servings 

200 

9 per cent fruit 

1 serving 

100 

Whole milk 

1 glass 

200 

Tea or coffee 

Ad libitum 

Ad libitum 


Sample Menu 

Breakfast: 

Strawberries 

Boiled egg 

Whole wheat toast 

Butter 

Coffee with milk 

Luncheon: 

Cottage cheese 

Kale 

Cabbage and eelery salad 

Mineral oil dressing 

Whole wheat bread .' 

Butter 

Whole milk 

Dinner: 

Roast beef, fat trimmed 

Broccoli 

Cucumber and radishes 

Pear 

Whole milk 

Black coffee 


%cup 

100 

1 

50 

1 slice 

30 

1 teaspoon 

5 

1 oz. 

30 


3 tablespoons 

65 

% cup 

100 

% cup 

100 

1 tablespoon 

15 

1 slice 

30 

1 teaspoon 

5 

1 glass 

200 


3 oz. 

% cup 
Vi cup 
1 

1 glass 
Ad libitum 


90 

100 

50 

135 

200 

.\d libitum 


Other treatment except rest. The excretion of nitrogen was about twice 
the intake of it. He adhered faithfully to this diet for one year, during 
which time he lost 286 pounds (130 Kg.). During the second year, he 
received 600 calories and lost another 80 pounds (36 Kg.) . He had now 
returned to approximately normal weight. In the interval his gluttonous 
habits had been abolished, so that he continued to weigh 194 pounds 
(88 Kg.) without any effort to restrict his intake of food. 

A few patients whose circumstances require them to work hard 
lihysically claim that the 450 calory diet reduces their strength so much 
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that they cannot continue their occupations unless they get more to eat. 
When we are convinced that they have given the diet an honest trial 
and that they cannot be persuaded to continue it some additional food 
is allowed. Often such patients can he satisfied with 600 calories 
arranged according to the plan in table 22. Still other patients cannot be 
persuaded to adhere to a diet unless they are allowed 800 or even 1,000 
calories (tables 23 and 24). 

The treatment of obesity in children must emphasize behavior rather 
than diet. It has been pointed out that these children have not learned 
to obey and that often they are pampered and uncooperative. It is an 
integral part of the treatment to teach them to control their whims and 
desires and to help them develop a sense of proportion. The younger 
children need to be trained to eat food that is wholly adequate for them 
without reduction of the energy content much below the requirement of 
normal children of the same height and age. Sharp underfeeding may be 
too great a load when coupled with the correction of behavior. If the 
calories of the diet are adjusted to stop further gain in weight, the 
obesity will gradually disappear as height increases. Later on, when 
the child has become adjusted to the discipline, a further reduction in 
calories may be arranged if there is still much extra fat to be removed. 



News and Comment 


1943 Annual Session o£ American College o£ Physicians Canceled. — 
The Board of of the American College of Physicians has announced the 

cancellation of th^ annual session, which was scheduled to be held in Phila- 
delphia April 13 action was taken after thoughtful consideration of 

all factors invoh-^' including an intimation from the Secretary of War and the 
Office of Transf)®^^**®*^ large national medical groups should not plan 
meetings at the t-™^ president has announced that all other activities 

of the College w^^^ pursued with even greater zeal. The College will espe- 
cially promote meetings over the countrj' and will organize postgraduate 

seminars in the V^^^ous military hospitals for physicians in the armed forces. 
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Blood Grouping Technic. By Fritz Schiff, M.D., and William C. Boyd, Ph.D., 
with a foreword by Karl Landsteiner. Price, §5. Pp. 248. New York: 
Interscience Publishers, Inc., 1942. 

The authors of this monograph are well qualified, as indicated by Landsteiner 
in the foreword. The book is divided into three parts: “Theoretic Foundation 
of Blood Grouping,” “General Technic of Blood Group Investigation” and 
“Special Application of Blood Grouping Technics.” The subjects are clearly and 
briefly discussed with the idea of aiding clinicians, serologists, anthropologists 
and workers in legal and in military medicine. Not only is the material presented 
clearly from a theoretic point of view, but it is presented practically, including 
the technics for typing blood for transfusions and for establishing paternity. The 
chapters, subchapters and paragraphs are numbered, so that by merely referring 
to the table of contents one can easily find any aspect of a subject. A fairly 
complete bibliography follows each subchapter for those who might be interested 
in further details of the original observations. There is a good index in addition 
to the rather complete table of contents. 

This monograph will be appreciated by every one and is to be recommended not 
only as a reference book but as a book worth reading to learn much about blood 
types and typing technics and their practical applications. 

The Ophthalmic Formulary. By G. Griffin Lewis, M.D., F.A.C.S. Price, §3.50. 
Pp. 167. Springfield, 111.: Charles C Thomas, Publisher, 1942. 

The compilation of “favorite prescriptions of prominent oculists from all parts 
of the world” is a handy gadget to have on the desk for an oculist who wonders 
what a distinguished colleague might prescribe for a given disease of the eye. 
Most of the formulas contained in this volume have the venerability of age and 
long usage and will stand the test of pharmacologic compatibility. A few will 
stand the test of therapeutic experience. 

The name of a sponsor appears with every prescription. It is not claimed that 
the sponsor originated the formula or is responsible for the spelling or the accuracy 
of the dose. The purpose of tlie name is not clear, but one may assume that it 
implies that the formula was one of his favorite prescriptions. 

Indications for use of the various prescriptions are given in a general wa}". 
Contraindications are not mentioned. The manual is useful as a crib from which 
a lazy physician may select and prescribe a remedy for a condition which he hopes 
he has diagnosed correctly (for otherwise tlie book fails to rescue him from his 
dilemma). It may also lend moral support to his efforts in treatment of diseases 
of the eye. In most instances he will find that the sponsor’s name is as useful 
as the formula. 

The Pathology of Trauma. By Alan Richards Moritz. Price, §6. Pp. 386, 
with 117 engravings. Philadelphia: Lea & Febiger, 1942. 

As the publisher states, this book is designed to bridge the gap between the 
various pathologic and clinical disciplines dealing with trauma. The subject is 
thoroughly covered; after general chapters traumatic lesions of every system of 
the body are dealt with. As a matter of fact, the subject is treated so extensively 
that little space is available for individual subjects. No less important a matter 
than penetrating wounds of the thorax is, for example, discussed in one page. Tlie 
illustrations are excellent and the bibliography representative. 


1098 



INDEX TO VOLUME 70 


Book Reviews are grouped together and are 
indexed under that heading In alphabetical 
order under the letter B. 

Abdomen: See Gastrointestinal Tract 

Abnormalities and Deformities : Sec under 
names of organs and regions 
Abscess: See under names of organs and re- 
gions 

Acid, Ascorbic: See Ascorbic Acid 
Adams, W. E. : Experimental production of 
emphysema, 379 
Adipose Tissue; See Obesity 
Adlersberg, D. : Uric acid partition in gout 
and in hepatic disease, 101 
Age, interrelation of factors influencing mor- 
tality In diabetic coma; statistical study, 
3G9 

Ainhum, 471 
Air, disinfection of, 174 
Air Passages; See Respiratory Tract 
Altshuler, S. S. : Maintenance of nitrogen 
equilibrium by Intravenous administration 
of amino acids; clinical studies, 749 
Amino, Acids, maintenance of nitrogen equi- 
librium by Intravenous administration of 
amino acids; clinical studies, 749 
Amputations, 508 

Amyloidosis, Congo red test for amyloid dis- 
ease; quantitative technic, 416 
utility of Congo red test In diagnosis and In 
dlHerential diagnosis, 421 
Anemia, refractory hemolytic anemia ; report of 
5 oases in whicli treatment was with splen- 
ectomy, 11 

use of daily fecal output of urobilinogen 
and hemolytic index in measurement of 
hemolysis, 722 

Anesthesia, meclianism of pentothal sodium 
antidiuresis, 567 
Aneurysm, 499 

aortic, as cause of obstruction of venous 
circulation of mediastinum, 893 
aortic; rupture into pulmonary artery, 893 
incomplete rupture of aorta ; heretofore un- 
recognized stage of dissecting aneurysm 
and cause of cardiac pain and cardiac mur- 
murs, 689 

of pulmonary artery, 339 
Anoxemia : See Oxygen, deficiency 
Antlirax ; review of 60 cases, witli report on 
therapeutic use of sulfonamide compounds, 
785 

Aorta, Aneurysm : See under Aneurysm 
Incomplete rupture ; heretofore unrecognized 
stage of dissecting aneurysm and cause of 
cardiac pain and cardiac murmurs, 689 
sypliilis ; diagnosis of uncomplicated sypli- 
illtic aortitis, 888 
syphilis ; gummatous aortitis, 396 
syphilis ; syphilitic aortic regurgitation, 891 
syphilis ; syphilitic aortitis in congenital 
syphilis, 911 

Aortitis, Syphilitic: See Aorta, syphilis 
Apparatus, experimental production of empliv- 
sema, 379 
Appendicitis, 672 
Appetite and hunger, 1076 
inaccuracy of, 1079 

Arachnoid, surgical treatment of optic chiasm 
arachnoiditis, 905 
Armies : See Medicine, military 
Arrhythmia: See also Heart, block; Heait 
rate ’ 

auricular fibrillation, 324 
cardiac arrhythmias, 323 
UvrhlmYd’s syndrome, 324 


Arrliythmia — Continued 

use of potassium salts In cardiac arrhy- 
thmias, 325 

ventricular fibrillation, 323 
Arsenic and Arsenic Compounds, hypersensi- 
tiveness to arsenleals, 872 
Therapy; See Syphilis 
Arsphenamlnes : See under Syphilis 
Arteries: See also Aneurysm; Aorta; Arterio- 
sclerosis ; Blood pressure ; Blood vessels ; 
Embolism ; Periarteritis ; Pulse ; Throm- 
bosis; Vasomotor System; etc. 

Inflammation : See also Periarteritis 
inflammation; temporal arteritis, 474 
rupture of aortic aneury'sm into pulmonary 
artery, 893 
ArleriosclCTDSis, 464 

coronary arteriosclerotic heart disease, 335 
induced anoxemia In patient with coronary 
arteriosclerotic heart disease, 337 
Arteritis: See Arteries, Inflammation 
Ascorbic Acid and arsenical sensitivity, 872 
Asthenia, neurocirculatory, heart in wartime 
with reference to, 303 
Auricular Pibrillatlon : See Arrhythmia 
Auscultation, 317 

Bacilli : Sec Bacteria 

Bacteria : See also Meningococci ; Staphylo- 
cocci ; Streptococci ; Viruses ; etc. 
antibiotic agents, 175 
Diphtheria : See Diphtheria 
Dysentery: See Dysentery 
gas bacillus infection, 148 
Shigella : See Dysentery 
Tularense : See Tularemia 
Bejel ; See Syphilis 

Berk, J, E. : Effect of ulcer on acidity and 
neutralizing ability in duodenal bulb, 959 
Bessey, 0. A. ; Production and study of car- 
diac failure in thiamine-deficient pigeons, 
763 

Bismuth and Bismuth Compounds : See also 
Syphilis 

untoward effects of bismuth therapy, 868, 
874 

Bladder, neurogenic, 903 

Blood : See also Hemoglobin and Hemoglobin 
Compounds 

Circulation: See Arteries; Cardiovascular 
System; Heart; Vasomotor System; etc. 
Diseases : See Anemia ; etc. 
flow, measurement of, 448 
nitrogen ; interrelation of factors influencing 
mortality in diabetic coma ; statistical 
study, 369 

pressure, abnormalities of, 481 
pressure, high; arterial hypertension, 332 
pressure, high; clearance of diodrast, phenol- 
sulfonphthaleln and inulln in hypertension 
and In nephritis, 935 

pressure, high; cold pressor phenomena, 482 
pressure, high; counterpressor mechanism, 
492 

pressure, high; critical statistical analysis of 
data on renal function in grouped subjects 
with essential hypertension, 948 
pressure, high ; endocrine hypertension, 487 
pressure, high; experimental hypertension, 

pressure, high; function of separate kldnev-s 
in hypertensive subjects, 738 
pressure, high; hyperactive vasodepressor 
carotid sinus reflex, 983 
pressure, high ; medical therapy of hvner- 
tcnslon, 493 
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Blood — Continued 

pressure, high; pyelonephritis and hyperten- 
sion ; study of their relation In 11,898 
necropsies, 284 

pressure, high; surgical treatment of hyper- 
tension, 505 

pressure, high ; syphilis and hypertension, 
913 

pressure, high ; vascular phase of chronic 
diffuse glomerulonephritis ; cllnlcopatho- 
loglc study, 2G0 

pressure ; interrelation of factors influencing 
mortality In diabetic coma ; statistical 
study, 309 

pressure, low; orthostatic circulatory Insuf- 
ficiency In tabes dorsalis, 905 
pressure, measurement of, 315 
sodium d-lactate tolerance as test of hepatic 
function, 829 

sugar; hypoglycemia and obesity, 1083 
sugar; interrelation of factors influencing 
mortality in diabetic coma ; statistical 
study, 369 

transfusion of conditioned universal blood; 

clinical observations, 1 
Vessels: See also Arteries; Cardiovascular 
System ; Periarteritis ; Vasomotor System ; 
etc. 

vessels, vascular diseases; eighth annual re- 
view, 444 

vessels ; vascular Injuries, 498 
Body, psychosomatlcs, 1019 
Bones, syphilis, 875 

Book Reviews: 

Acute Alcoholic Intoxication ; Critical Re- 
view; H. W. Newman, 346 
Annual Review of Physiology; J. 51. Luck 
and V. E. Hall, 181 

Arthritis and Allied Conditions ; B. I. Corn- 
roe, 345 

Arthritis In Modern Practice: Diagnosis and 
JIanagement of Rheumatic and Allied Con- 
ditions; 0. Stelnbrockor, 087 
Biology of Negro ; J. H. Lewis, 512 
Blood Grouping Technic; P. Schiff and W. C. 
Boyd with foreword by K. Landstelner, 
1098 

Breathing Capacity and Grip Strength of 
Preschool Children ; E. Metheny, 180 
Clinical and Experimental Investigations on 
Genital Functions and Tlielr Hormonal 
Regulation; B. Zondek, 182 
Complete Weight Reducer; C. J. Gerllng, 918 
Dermatologic Therapy in General Practice; 

M. Sulzberger and J. Wolf, 512 
Diseases of Metabolism ; edited by G. G. 
Duncan, 687 

Enfermedad reumatica ; D. Urrutla M. and S. 
A^alsman B., 345 

Epilepsy and Cerebral Localization : Study of 
Mechanism, Treatment and Prevention of 
Epileptic Seizures ; W. Penfleld and T. C. 
Erickson, with special chapters by H. W. 
Jasper and M. R. Harrower-Erlckson, 910 
Eye Manifestations of Internal Diseases; I. 
S. Tassman, 512 

From Witchcraft to Chemotherapy: Llnacre 
Lecture 1941; W. Langdon-Brown, 688 
Lymphatic System, Its Part In Regulating 
Composition and Volume of Tissue Fluid : 
Lane Medical Lectures ; C. K. Drinker, 181 
Manual of Pharmacology and Its Applications 
to Therapeutics and Toxicity; T. Sollmann, 
512 

Occupational Diseases : Diagnosis, Medicolegal 
Aspects, and Treatment ; R. T. Johnstone, 
918 

Occupational Tumors and Allied Diseases; 
W. C. Hueper, 918 

Ophthalmic Formulary ; G. G. Lewis, 1098 
Paroxysmalnaya Tachycardia; M. E. Mandel- 
stamm, 917 

Pathology of Trauma; A. R. Moritz, 1098 
Personality and Mental Illness; J. Bowlby, 
340 


Book Reviews— -Continued 
Pharmacology of Anesthetic Drugs; J. Adri- 
anl, 180 

Protidemla: su valor clinico; A. Gorodner, 
182 

Psychosurgery: Intelligence, Emotion and So- 
cial Behavior Following Prefrontal Lob- 
otomy for Mental Disorders; W. Freeman 
and J. W. Watts, 179 

Religion in Illness and Health; C. A. Wise. 
688 

Synopsis of Ano-Rectal Disease; L. J. Hirsch- 
mnn,_ 917 

Synopsis of Materia Jledica, Toxicology and 
Pharmacology; F. R. Davison, 688 
Trastornos cardlacos en los estados anemicos ; 

E. R. Pletrafesa, 182 

Tumores primitlvos mallgnos bronco-pulmon- 
aros ; J. Palaclo and E. S. 5Iazzel, 181 
Wounds and Fractures; H. W. Orr, 182 

Brain : See also Hypothalamus ; Meninges ; 

Nervous System ; etc. 

Diseases : See Encephalitis 
electroencephalography, 1030 
encophalographic studies in neurosyphilis, 

896 

neuropsychiatric disturbances in internal dis- 
ease; metabolic factors and electroenceph- 
alographic correlations, 236 
Branch, C. F. : Polycythaemia vera ; report of 
case, 919 

Bright’s Disease : Sec Nephritis 

Cancer; See under names of organs and re- 
gions, as Colon ; Stomach ; etc. 

Carbon Dio.vlde transportation, 315 
Carbon Monoxide poisoning, 314 
Cardiovascular System ; See also Arteries ; 
Blood vessels; Heart; Vasomotor System; 
etc. 

syphilis, 888 

Carotid Sinus, hyperactive vasodepressor caro- 
tid sinus rcfle.x, 983 
syndrome, 500 

Cerebrospinal Fluid, protein, composition of, 

906 

Chaicot Joint; See Tabes Dorsalis 
Chasls, H. : Function of separate kidneys in , 
hypertensive subjects, 738 
Chemotherapy, 133. See also under names of 
diseases, as Cholera ; Dysentery ; Empyema ; 
Endocarditis ; Malaria ; Meningitis ; Pneu- 
monia; Rheumatic Fever; Scarlet Fever; 
etc. 

Cheney, G. : CInchophcn gastric ulcers In 
chicks, 532 
Chest : See Thorax 
Chlckenpox, 158 
Chilblains; pernio, 461 
Children, acquired syphilis in, 854 
intensive arsenotherapy in infants and chil- 
dren, 882 

juvenile obesity, 1070 
Cholera, chemotherapy of, 137 
Choriomeningitis : See Meningitis 
Cinchophen and Clnchophen DerivaUves, cin- 
chophen gastric ulcers in chicks, 532 
Cirrhosis : See Liver 
Claudication: vasospastic disorders, 458 
Clinics, administration of clinics for pregnant 
women with syphilis, 009 
Clinton, E. : Clearance of dlodrast, phenol- 
sulfonphthalein and inulin in hypertension 
and in nephritis, 935 

Cobb, S. : Review of neuropsychiatry for 1942, 
1017 

Coccldioldosis ; coccidioidomycosis, 171 
Cohn, C. : Sodium d-lactate tolerance as test 
of hepatic function, 829 
Cold; See also Temperature 
effect of, 460 
pressor phenomena, 482 
Colds: See Respiratory Tract, diseases 
Colitis, nonspecific ulcerative, 064 
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Collcn, M. F. : Interrelation of factors Influ- 
encing mortality in diabetic coma ; statis- 
tical study, 369 

Mortality in diabetic coma, 347 
Colon: See also Gastrointestinal Tract; Intes- 
tines „„„ 

cancer of colon and rectum, 669 
Colwell, A. B. : Observed course of diabetes 
mellitus and inferences concerning Its 
origin and progress, 523 
Coma: See Diabetes Mellitus 
Communicable Diseases : See also Immunity ; 
Meningitis; Syphilis; etc. 
infectious diseases ; review of significant 
publications in 1941-1942, 132 
Congo Red Test: See Amyloidosis 
Cornea, Inflammation: See Keratitis 
Corsaro, J. F. : Mercurial and xanthine di- 
uretics in chronic congestive heart failure; 
comparative survey, 975 

Cysts: See under names of organs and regions 


Dalton, 3. W.: Critical statistical analysis of 
data on renal function in grouped subjects 
with essential hypertension, 948 
Dameshek, W. : Use of daily fecal output of 
urobilinogen and hemolytic Index in mea- 
surement of hemolysis, 722 
Darling’s Disease: See Histoplasmosis 
Dementia Paralytica, mctrazol shock therapy 
of psychoses associated with dementia 
paralytica, 901 

de Takdts, G. : Vascular diseases ; eighth ann- 
ual review, 444 

Diabetes Insipidus, renal function in, 61 
Diabetes Mellitus : Sec also Blood sugar 
Interrelation of factors Influencing mortality 
in diabetic coma; statistical study, 369 
mortality in diabetic coma, 347 
observed course and Inferences concerning its 
origin and progress, 523 
unusually high insulin requirements In; re- 
port of case, 221 

DIckes, B. : Multiple polyps of esophagus ; re- 
port of case with complicating recurrent 
gastrointestinal hemorrhages, 121 
Diet and Dietetics: See also Nutrition; Vita- 
mins; etc. 

diet prescriptions in obesity, 1093 
Digestive System: See Gastrointestinal Tract; 

Intestines ; Stomach ; etc. 

DIodrast: See Iodine and Iodine Preparations 
Diphtheria, 147 

Disease, neuropsychiatric disturbances in In- 
ternal disease; metabolic factors and elec- 
troencephalographlc correlations, 236 
Diuresis and Diuretics: See also Diabetes In- 
sipidus; Kidneys 

mechanism of pentothal sodium antldluresls, 
567 

mercurial and xanthine diuretics in chronic 
congestive lieart failure ; comparative sur- 
vey, 975 

renal function in diabetes insipidus, 61 
Diverticula : See under Intestines 
Drugs, sensitivity and meteorologic environment, 
873 

Duodenum, effect of ulcer on acidity and neu- 
tralizing ability in duodenal bulb, 959 
sphincter of Oddi, 636 
Ulcers: See Peptic Ulcer 
Dysentery, 146 

bacillary, and typhoid fever, chemotherapy 
of, 136 

Dyspnea of heart failure, 313. 


Edema, 476 

Editors, medical, meeting of, 344 
Edwards, .1. C. : Clearance of dlodrast, phenol- 
sulfonphthalein and inulin in hypertension 
and in nephritis, 935 
Electrocardiogram: See under Heart 
Electroencephalography: See under Brain 
Embolism : See also Thrombosis 
and thrombosis, 470 
arterial occlusions, 497 
Emotions; emotional cnavlng for food, 1080 


Emphysema, experimental production of, 379 
Empyema, maintenance of nitrogen equilibrium 
by intravenous administration of amino 
acids; clinical studies, 749 
pneumococcic, chemotherapy of, 133 
Encephalitis, 163 

Encephalography: See under Brain 
Endocarditis, bacterial, sulfonamide compounds 
in therapy; comparison of in vitro inhibi- 
tory effects and bacteriostatic activity, 777 
subacute bacterial, 329 
subacute bacterial, chemotherapy of, 133 
Endocrine Glands, endocrine disorders and 
obesity, 1058 

endocrine hypertension, 487 
endocrine medication of obesity, 1086 
internal secretions of gastrointestinal tract, 
595 

Energy Exchange: See Metabolism 
Engel, G. L. : Neuropsychiatric disturbances 
in internal disease ; metabolic factors and 
electroencephalographic correlations, 236 
Enteritis: See Intestines, diseases 
Enterorrhagia : See Gastrointestinal Tract, 

hemorrhage 

Erythremia: See Polycythaemla 
Esophagus, diseases of, 608 
hiatus esophageal hernia, 340 
multiple polyps of esophagus; report of case 
with complicating recurrent gastrointestinal 
hemorrhages, 121 
Estrogens, effect on syphilis, 840 
Exercise for obesity, 1086 
Exophthalmos in patients with various types 
of goiter, 206 

Extrapyramidal Tract, disorders of extrapyra- 
midal system, 1022 

physiology of extrapyramidal system, 1024 
Extrasystoiea : See Arrhythmia 
Extremities, Amputation: See Amputations 
Blood Supply, 448. See also Blood vessels; 
Embolism ; Raynaud's Disease ; Thrombo- 
angiitis obliterans; etc. 
blood supply; diagnostic tests, 454 
blood supply; effect of drugs, 456 
blood supply; treatment of peripheral vas- 
cular disease, 477 

blood supply; vascular diseases; eighth ann- 
ual review, 444 

blood supply; vasomotor apparatus In periph- 
eral vascular disease, 501 
Paralysis : See Poliomyelitis 
temperature studies, 447 
Eyes, syphilis and ophthalmic conditions, 888 


Favrc-Nicolas’ Disease: See Lymphogranuloma 
Venereum 

Feces, use of dally fecal output of urobilinogen 
and hemolytic index in measurement of 
hemolysis, 722 

Fellowships in medicine and public health, 343 

Fever: See also Malaria; Temperature; Ty- 
phoid; Typhus; etc. 

intermittent, of unknown origin ; recurrent 
high fever with benign outcome in patient 
with migraine and notes on "neurogenic” 
fever, 293 

Therapeutic : See Neurosyphilis ; Syphilis ; 
etc. 

Findley, T. : Clearance of dlodrast, phenol- 
sulfonphthaleln and inulin in hypertension 
and in nephritis, 935 

Finland, M. : Staphylococcic pneumonia oc- 
curring during epidemic of influenza, 183 

FItz,^R. : Polycythaemla vera; report of case, 

Flint’s Murmur: See under Heart 


jooa. see also JUiet and Dietetics; Nutrition: 
Vitamins; etc. 
emotional craving for, 1080 
habits of obese, 1082 
increased absorption of, 1054 
selection in obesity, 1088 
Franco, S. C. : Multiple polyps of esophagus ; 
report of case with complicating recurrent 
gastrointestinal hemorrhages, 121 
Fungi; fungous and yeast Infections, 170 
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Ganglion, basal ganglions and allied structures, 
1023 

Gastric Juice : See under Stomach 
Ulcer: See Peptic Ulcer 
Gastritis : See under Stomach 
Gastroenterology; review of literature from July 
1941 to July 1942, 585 

Gastrointestinal Tract : See also Colon ; Intes- 
tines ; Rectum ; Stomach ; etc. 
absorption, 603 

diverticula and unusual tumors, 637 
function, 585 

hemorrhage ; multiple polyps of esophagus ; 
report of case with complicating recurrent 
gastrointestinal hemorrhages, 121 
internal secretions of, 595 
miscellaneous observations, 676 
specific Infections, diagnosis and treatment, 
652 

syphilis and gastrointestinal disorders, 886 
war medicine, 682 
Gastroscopy ; See Stomach 
Genitals, syphilis and genital lesions in female 
due to other diseases, 914 
Glass, W. I. : Unusually high Insulin require- 
ments in diabetes mellltus ; report of case, 
221 

Glomerulonephritis : See under Nephritis 
Goiter: See also Thyroid 
exophthalmos in patients with various types 
of goiter, 206 

Gold, H. : Anthrax ; review of 60 cases, with 
report on therapeutic use of sulfonamide 
compounds, 785 

Goldman, D.: Polymyositis; report of fatal 
case, 822 

Goodman, J. I. : Mercurial and xanthine di- 
uretics in chronic congestive heart failure; 
comparative survey, 975 
Gordon, W. H. : Gummatous aortitis, 396 
Gout, uric acid partition in gout and in hepatic 
disease, 101 

Gramicidin, antibiotic agents, 175 
Granuloma, Coccidioidal : See Coccldloldosls 
Grayblel, A.: Diseases of lieart; review of 
significant contributions made during 1941, 
303 

Grishman, B. : Uric acid partition in gout and 
in hepatic disease, 101 

Haemophilus Influenzae: See Influenza 
Harmon, P. H. : Congo red test for amyloid 
disease; quantitative technic, 410 
Utility of Congo red test in diagnosis and In 
differential diagnosis, 421 
Havens, W. P. : Etiology of atypical ("virus”) 
pneumonias with brief resume of recent 
discoveries, 513 

Hodgkin's disease with specific lesions ap- 
pearing first in skin, 434 
Heart : See also Arrhythmia ; Cardiovascular 
System ; Endocarditis ; Myocarditis ; etc. 
block ; Stokes-Adams attacks, 323 
congenital heart disease, 325 
Diseases : See also Endocarditis ; Myocarditis ; 
etc. 

diseases; review of significant contributions 
made during 1941, 303 
dyspnea of heart failure, 313 
eleetrocardlographic abnormalities associated 
with massive dose arsenotherapy, 882 
electrocardiographic changes in rheumatic 
fever, 328 

electrocardiography, 318 
Plint’s murmur, 892 

in wartime with reference to neuroclrculatory 
asthenia, 303 

incomplete rupture of aorta ; heretofore un- 
recognized stage of dissecting aneurysm 
and cause of cardiac pain and cardiac 
murmurs, 689 

infarction in syphilitic heart disease, 893 
mercurial and xanthine diuretics in clironlc 
congestive heart failure ; comparative sur- 
ve3', 975 


Heart — Continued 

production and study of cardiac failure in 
thlamlne-deflclent pigeons, 763 
stenosis of infundibulum, 53 
thrombi in, 341 
tuberculosis, 331 

Hecht, P. : Maintenance of nitrogen equi- 
librium by Intravenous administration of 
amino acids; clinical studies, 749 
Hematemesis, multiple polyps of esophagus; re- 
port of case with complicating recurrent 
gastrointestinal hemorrhages, 121 
Hematology : See Blood 
Hemoglobin and Hemoglobin Compounds: See 
also Anemia ; Blood 

use of dally fecal output of urobilinogen and 
hemolytic Index In measurement of hemol- 
ysis, 722 

Hemolysis, use of daily fecal output of uro- 
bilinogen and hemolytic index in measure- 
ment of hemolysis, 722 
Hemorrhage: See Gastrointestinal Tract 
Hensel, H. M. : Maintenance of nitrogen equi- 
librium by Intravenous administration of 
amino acids ; clinical studies, 749 
Hepatitis : See under Elver 
Herbut, P. A. : Hodgkin's disease with specific 
lesions appearing first in skin, 434 
Hernia, diaphragmatic, 610 
hiatus esophageal hernia, 340 
Histoplasmosis ; fungous and j’east Infections, 
170 

Hodgkin’s Disease with specific lesions appear- 
ing first in skin, 434 

Hormones : See Endocrine Glands ; Estrogens ; 
Insulin; etc. 

Horn, H. : Vascular phase of chronic diffuse 
glomerulonephritis ; cllnlcopathologlc study, 
260 

Hunger and appetite, 1070 
Hyperpnea : See under Respiration 
Hypertension : See Blood pressure, high 
Hyperthyroidism : See Thyroid, lij-pertliyrold- 
ism 

Hypertrophy; Seo under names of organs and 
regions 

Hypoglycemia; Sec Blood sugar 
Hypophysis : See Pituitary Body 
Hypotension : See Blood pressure, low 
Hypothalamus: See also Pituitary Body 
and obesity, 1068 

Icterus; See Jaundice 
Immunity; immune reactions, 170 
Industrial Diseases, acute coronary thrombosis 
in Industry; direct nonpenetrating injuries 
with report of cases, 33 ; correction, 686 
sj’phllls and Industry, 862 
Infantile Paralysis : See Poliomyelitis 
Infarction : See under Heart 
Infection : See also under names of bacteria, as 
Staphylococci ; Streptococci ; etc. 

Infectious diseases ; review of significant pub- 
lications in 1941-1942, 132 
miscellaneous diseases, 172 
Infectious Diseases : See Communicable Dis- 
eases 

Influenza, 151 
and colds, 151 

staphylococcic pneumonia occurring during 
epidemic of, 183 
vaccine, 152 

Infundibulum; See under Heart 
Insulin : See also Diabetes Alellltus 
unusually high insulin requirements in diabetes 
mellltus ; report of case, 221 
Internal Secretions : Seo Endocrine Glands 
Intestines: See also Colon; Duodenum; Gastro- 
intestinal Tract; Rectum 
Diseases : See also Dysentery 
diseases; regional enteritis, 662 
diverticula and unusual tumors, 637 
obstruction, 643 
parasitic diseases, 650 
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Inulln, clearance of dlodrast, phenolsulfon- 
• phtlialein and inulin in hypertension and 
in nephritis, 935 

Iodine and Iodine Compounds, clearance of 
dlodrast, phenolsulfonphthalein and inulln 
in hypertension . and in nephritis, 935 

Iron Therapy; See under Anemia 

Jaundice, sodium d-lactate tolerance as test 
of hepatic function, 829 

Jenkins, J. A.: Control by radium for gastric 
acidity, 714 

Joints, syphilis and orthopedic conditions, 888 

Jones, C. M. ; Gastroenterology ; review of 
literature from July 1941 to July 1942, 
585 

Journals : See Periodicals 

Jurisprudence, Medical ; legal aspects of* syph- 
ilis and pregnancy, 908 


Keratitis, interstitial, 912 

Kernwein, G. ; Congo red test for amyloid 
disease; quantitative technic, 41G 
Utility of Congo red test in diagnosis and In 
differential diagnosis, 421 
Kidneys, clearance of dlodrast, phenolsulfon- 
phthalein and Inulln in hypertension and 
in nephritis, 935 
counterpressor mechanism, 492 
critical statistical analysis of data on renal 
function in grouped subjects with essential 
hypertension, 948 

Diseases: See also Nephritis; Pyelonephritis 
function of separate kidneys in hypertensive 
subjects, 738 

renal function in diabetes insipidus, G1 
Klemperer, P. : Vascular phase of chronic 
diffuse glomerulonephritis ; clinlcopathologic 
study, 260 

Klendshoj, N. C. : Transfusion of conditioned 
universal blood ; clinical observations, 1 
Knudsen, A. F. : Multiple polyps of esophagus ; 
report of case with complicating recurrent 
gastrointestinal hemorrhages, 121 


l-elnoff, H. D. : Acute coronary thrombosis in 
Industry ; direct nonpenetrating injuries with 
report of cases, 33; correction, 686 
Leprosy, 150 

Lev, M. ; Stenosis of infundibulum, 53; cor- 
rection, 686 
Llpophilia, 1054 

Liver, cirrhosis ; maintenance of nitrogen 
equilibrium by intravenous administration 
of amino acids; clinical studies, 749 
sodium d-lactate tolerance as test of liepatic 
function, 829 

uric acid partition in gout and in hepatic 
disease, 101 

Lumbar Puncture: See Spinal Puncture 
Lungs : See also Respiration ; Respiratory Tract ; 
Thorax ; etc. 

acute disseminated lupus erythematosus with- 
out cutaneous manifestations and with 
heretofore undescribed pulmonary lesions. 

Lupus erythematosus,- acute disseminated, with- 
out cutaneous manifestations and with 
Heretofore undescribed pulmonary lesions. 


erythematosus, disseminated, 340 
Lu.vu3konsumption, 1041 

Meningitis : See Meningitis 
Hodgkin’s Disease 

^falsp Venereum and syphilis, 91 

serologic reactions associate 
"nn lymphogranuloma venereum, 851 


”'*'^ac!dUy,^714 radium for gastr 

Transfusion of conditioned un 
Jralari^^ieg observations, 1 

chemo’therapy of, 898 

serologic reactions associat< 
"Uh malaria, 850 
uerapeutic : See Neurosyphlli.s 


Marcus, P. L. ; Vascular diseases ; eightli 
annual review, 444 

Margolin, S. G.: Neuropsychiatric disturbances 
in intenial disease; metabolic factors and 
electroencephalographic correlations, 236 
Mediastinum, aortic aneurysm as cause of ob- 
struction of venous circulation of medias- 
tinum, 893 

Medicine, announcement of fellowships in medi- 
cine and public health, 343 
internal; neuropsychiatric disturbances in in- 
ternal disease; metabolic factors and elec- 
troencephalographic correlations, 236 
Medicine, Military: See also Recruits 
prostitution, 856 
syphilis in armed forces, 859 
venereal disease control officers in armed 
services, 861 
war medicine, 682 

wartime problems of civilian public health 
agencies, 855 

Medicine, Naval; syphilis in armed forces, 
859 

Meninges, permeability; barrier between blood 
and brain, 906 

Meningitis; See also Meningococci 
chemotherapy of, 135 
lymphocytic choriomeningitis, 165 
Meningococci, 146. See also under Meningitis 
Mercury; mercurial and xanthine diuretics in 
chronic congestive heart failure ; compara- 
tive survey, 975 
Metabolism, basal, 1035 
neuropsychiatric disturbances In internal dis- 
ease ; metabolic factors and electroencepha- 
lographic correlations, 236 
total, 1044 

Meteorology, drug sensitivity and meteorologic 
environment, 873 

Metrazol, Therapy : See Dementia Paralytica 
Migraine, Intermittent fever of unknown origin ; 
recurrent high fever with benign outcome 
in patient with migraine and notes on 
"neurogenic” fever, 293 

Miller, E. B.; Use of daily fecal output of 
urobilinogen and hemolytic Inde.x in mea- 
surement of hemolysis, 722 
Mind, psychosomatics, 1019 
Mohr, C. F. ; Syphilis; review of recent litera- 
ture, 836 

Mononucleosis, infectious, associated with false 
positive serologic reactions, 851 
Moore, J. E. : Syphilis ; review of recent litera- 
ture, 836 

Mouth, diseases of, 607 
Movements, Involuntary, therapy of, 1027 
Myers, G. B. ; Treatment of 'pneumonia with 
sulfathiazole, 558 
Myocarditis, syphilitic, 893 

National Defense: See War 
Navies: See Medicine, Naval 
Negroes, syphilis in, 854 
Nephritis: See also Pyelonephritis 

clearance of dlodrast, phenolsulfonphthalein 
and inulln in hypertension and in nephritis, 
935 

maintenance of nitrogen equilibrium by intra- 
venous administration of amino acids; clin- 
ical studies, 749 

vascular phase of chronic diffuse glomerulo- 
nephritis; clinlcopathologic study, 260 
Nerves: See Nervous System; Neuritis 
Nervous System : See also Brain ; Spinal Cord ; 
etc. 

gastrointestinal function, 585 
Syphilis : See Neurosyphilis 
Neuritis, syphilitic trigeminal neuritis, 895 
Neuropsychiatry, neuropsychiatric disturbances 
In Internal disease ; metabolic factors and 
electroencephalographic correlations", 236 
review for 1942, 1017 

Neuroses and Psychoneuroses ; intermittent fever 
of unknown origin ; recurrent high fever 
with benign outcome in patient with 
migraine and notes on "neurogenic" fever, 
29.3 
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Neurosyphilis, artificial fever therapy, 898 
encephalographie studies, 89G 
malaria inoculata in therapy, 897 
management, of, 894 ' 

syphilis of central nervous system, 894 
Newburgh, L. H. ; Obesity, 1033 
Nicolas-Favre’s BIsease; See Lymphogranuloma 
Venereum 

Nitrogen, maintenance of nitrogen equilibrium 
by intravenous administration of amino 
acids; clinical studies, 749 
Nutrition; See Diet and Dietetics; Food; Vita- 
mins : etc. 

Nuzum, F. K. : Critical statistical analysis of 
data on renal function in grouped subjects 
with essential hypertension, 948 

Obesity, 1033 
and hypoglycemia, 1083 
and hypothalamus, 1068 
and pituitary body, lOGl 
and specific dynamic effect, 1039 
and thyroid, 1058 
diet in, 1088 
diet prescriptions, 1093 
endocrine medication, 1086 
etiology of, 1034 
exercise for, 1086 
food habits of obese, 1082 
fundamental cause of, 1084 
heredity, 1073 

increased absorption of food, 1034 
juvenile, 1070 
prevention, 1085 
selection of food, 1088 
treatment, 1086 

Occupational Diseases : See Industrial Diseases 
Optic Chiasm ; surgical treatment of optic chiasm 
arachnoiditis, 905 
Orchidectomy : See Testes 
Orgaln, E. S. : Sulfonamide compounds in ther- 
apy of bacterial endocarditis : comparison 
of in vitro inhibitory effects and bacteri- 
ostatic activity, 777 

Oxygen, deficiency; hyperpnea of anoxemia, 313 
deficiency; induced anoxemia in patients with 
coronary arteriosclerotic heart disease, 337 
neuropsychiatric disturbances in internal dis- 
ease; metabolic factors and electroencepha- 
lographic correlations, 236 

Pain, incomplete rupture of aorta; heretofore 
unrecognized stage of dissecting aneurysm 
and cause of cardiac pain and cardiac 
murmurs, 689 

Paralysis, General : See Dementia Paralytica 
Infantile : See Poliomyelitis 
Parasites, parasitic diseases, 650 
Parker, F., Jr, : Gummatous aortitis, 396 
Peery, T. M. : Incomplete rupture of aorta ; 
heretofore unrecognized stage of dissecting 
aneurysm and cause of cardiac pain and 
cardiac murmurs, 689 
Pentothal Sodium: See Anesthesia 
Peptic Ulcer, 620 

cinchophen gastric ulcers in chicks, 532 
control by radium for gastric acidity, 714 
effect of ulcer on acidity and neutralizing 
ability in duodenal bulb, 959 
Periarteritis nodosa, 474 
Periodicals, Proceedings of Federation of Amer- 
ican Societies for Experimental Biology, 
343, 511 

Pernio : See Chilblains 

Peterson, 0. L. : Staphylococcic pneumonia oc- 
curring during epidemic of influenza, 183 
Phenolsulfonphthalein, clearance of diodrast, 
phenolsulfonphthalein and inulin in hyper- 
tension and in nephritis, 935 
PInta and bejel, 843 

Pituitary Body : See also Hypothalamus 
.and obesity, 1061 

Pituitary Preparations, renal function in dia- 
betes insipidus, 61 
Plague, 149 


Pneumococci ; See Pneumonia 
Pneumonia, etiology of atypical ("virus”) pneu- 
monias with brief resume of recent dis- 
coveries, 513 
other forms of, 143 
pneumococclc, 141 
rheumatic, 327 

staphylococcic, occurring during epidemic of 
influenza, 183 

treatment with sulfathiazole, 558 
"virus” pneumonia, 156 
Poisons and Poisoning: See under names of 
substances, as Carbon Monoxide; etc. 
Poliomyelitis, 159 

Pollack, H. : Unusually high insulin require- 
ments In diabetes mellitus; report of case, 
221 

Polycythaemla vera; report of case, 919 
Polymyositis; report of fatal case, 822 
Polyps : See Esophagus 
Polyuria : See Diabetes Insipidus 
Position : Sec Posture 

Poston, M. A. : Sulfonamide compounds in 
therapy of bacterial endocarditis ; com- 
parison of in vitro inhibitory effects and 
bacteriostatic activity, 777 
Posture, ort/iostatfc circulatory Insufficiency In 
tabes dorsalis, 905 

Pregnancj', administration of clinics for preg- 
nant women with syphilis, 909 
and syphilis, 907 

legal aspects of syphilis and pregnancy, 908 
Price, A. E. : Treatment of pneumonia with 
sulfathiazole, 538 

Price, A. H. : Etiology of atypical ("virus”) 
pneumonias with brief resumS of recent 
discoveries, 513 
Prostitution, 850 

Proteins in Cerebrospinal Fluid : See under 
Cerebrospinal Fluid 

Psychoneurosis : See Neuroses and Psycho- 
neuroses 

Public Health, announcement of fellowships in 
medicine and public health, 343 
wartime problems of civilian public health 
agencies, 855 

Pulse : See also Arrhythmia ; Blood pressure ; 
Heart 

rate in acute rheumatism, 327 
Pursiey, B. : Maintenance of nitrogen equi- 
librium by intravenous administration of 
amino acids ; clinical studies, 749 
Pyelonephritis and hypertension; study of their 
relation in 11,898 necropsies, 284 

Radium, control for gastric acidity, 714 
Bakov, H. L. : Acute disseminated lupus ery- 
thematosus without cutaneous manifesta- 
tions and with heretofore undescribed pul- 
monary lesions, 88 

Rasmussen, B. A. : Experimental production 
of emphysema, 379 
Rat Bite Fever, 168 

associated with false positive serologic re- 
actions, 851 

Raynaud’s Disease, 462 

Recruits, rehabilitation of men rejected because 
of venereal disease, 858 
syphilis among selectees, 857 
Rectum, cancer of colon and rectum, 669 
Redlsh, J. : Function of separate kidneys in 
hypertensive subjects, 738 
Reflex, Carotid Sinus : See Carotid Sinus 
Rehfuss, M. E. : Effect of ulcer on acidity and 
neutralizing ability in duodenal bulb, 959 
Reimann, H. A.: Etiology of atypical ("virus”) 
pneumonias with brief resume of recent 
^iiscovGrics 5^3 

Hodgkin’s disease with specific lesions ap- 
pearing first in skin, 434 
Infectious diseases ; review of significant pub- 
lications in 1941-1942, 132 
Respiration, anesthesia and depression of re- 
•Splratory center, 314 
Cheyne-Stokes, 313 
hyperpnea of anoxemia, 313 
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Kesplration— Continued 
physiology of, 311 
respiratory center, 312 

Kespiratory Tract, diseases; colds and influ- 
enza, 151 

Reynolds, F. W. ; Syphilis; review of recent 
literature,' 836 

Rheumatic Fever, chemotherapy of, 136 
complications, 328 
electrocardiographic changes, 328 
pulse rate in acute rheumatism, 327 
rheumatic heart disease, 326 
rheumatic pneumonia, 327 
syphilis and rheumatic heart disease, 914 
treatment, 329 

Rickettsia: See also Rocky Mountain Spotted 
Fever; Typhus 
rickettsial disease, 166 
Rocky Mountain Spotted Fever, 166 
Roentgen Rays, Therapy: See Thyroid, hyper- 
thyroidism 

Scarlet Fever, 330. See also Streptococci 
chemotherapy of, 135 

Scupham, G. W. : Vascular diseases; eighth 
annual review, 444 

Secretions, Internal : See Endocrine Glands 
Semen, Infectiousness of rabbit semen, 842 
Serum: See Blood 

Sharpe, J. C. ; Refractory hemolytic anemia ; 
report of 5 cases in which treatment was 
with splenectomy, 11 
Shigella Dysenterlae : See Dysentery 
Shure, N. ill. : Pyelonephritis and hyperten- 
sion; study of their relation in 11,898 
necropsies, 284 

Sigler, L. H. : Hyperactive vasodepressor caro- 
tid sinus reflex, 983 

Silvette, H. : Mechanism of pentothal sodium 
antldluresls, 567 

Singer, K. : Use of daily fecal output of uro- 
bilinogen and hemolytic index in measure- 
• ment of hemolysis, 722 
Sinus, Carotid: See Carotid Sinus 
Skin, capillaries, 445 
effect of cold, 460 

Hodgkin's disease with specific lesions ap- 
pearing first in skin, 434 
temperature studies, 447 
Sobotka, H. : Uric acid partition In gout and 
in hepatic disease, 101 

Societies, American Association for Advance- 
ment of Oral Diagnosis, 178, 344, 511, 686 
American College of Physicians, 178, 1097 
Chicago Society of Internal Medicine, 178 
meeting of medical editors, 344 
Mississippi Valley Medical Society, 343 
Sodium d-Lactate ; See under Blood 
Soley, M. H. : Exophthalmos in patients with 
various types of goiter, 200 
Roentgen ray treatment of hyperthyroidism, 
1002 

Spasm, therapy of involuntary movements, 1027 
Sphincter Muscles ; duodenum (sphincter of 
Oddi), 030 

Spinal (iord ; See also Meninges ; Nervous 
System ; etc. 

degeneration produced experimentally by 
dietary means, 902 
syphilis, 895 

Spinal Fluid ; See Cerebrospinal Fluid 
Spinal Puncture; injury to intervertebral disk 
from lumbar puncture, 90G 
Spine, Injury to Intervertebral disk from lumbar 
puncture, 906 

Spingarn, C. L. : Unusually high Insulin re- 
quirements in diabetes mellltus; report of 
c«isc 221 

Spirochaeta Pallida, 838. See also Syphilis 
dispersion In mice, 840 
Spirochetosis ; Weil’s disease, 168 
Spleen, utility of Congo red test in diagnosis 
and In differential diagnosis, 421 
Splenectomy, refractoi-y hemolytic anemia ; re- 
port of 5 cases in which treatment was 
with splenectomy, 11 


Stacy, R.: Mercurial and xanthine diuretics 
In chronic congestive heart failure; com- 
parative survey, 975 
Staphylococci, Infection, 145 
Infections, chemotherapy of, 134 
staphylococcic pneumonia occurring during 
epidemic of Influenza, 183 
Steinberg, M. F. : Vascular phase of chronic 
diffuse glomerulonephritis ; cllnicopathologic 
study, 260 

Stomach: See also Gastrointestinal Tract 
cancer, 633 

control by radium for gastric acidity, 714 
diverticula and unusual tumors, 637 
effect of ulcer on acidity and neutralizing 
ability in duodenal bulb, 959 
gastric lesions of early syphilis, 876 
gastritis and gastroscopy, 612 
Ulcers : See Peptic Ulcer 
Stone, R. S. : Roentgen ray treatment of hyper- 
thyroidism, 1002 
Stools: See Feces 

Strauss, E. : Staphylococcic pneumonia occur- 
ring during epidemic of Influenza, 183 
Strauss, S. : Stenosis of Infundibulum, 53 ; 

correction, 686 
Streptococci Infection, 144 
Sugar In Blood : See Blood, sugar 
Sulfanilamide and Sulfanilamide Derivatives, 
drug fastness, 140 

sulfonamide compounds In therapy of bac- 
terial endocarditis; comparison of In vitro 
Inhibitory effects and bacteriostatic activ- 
ity, 777 

Therapy: See Anthrax; Dysentery; Empy- 
ema ; Endocarditis ; Meningitis ; Pneu- 
monia; Rheumatic Fever; Scarlet Fever; 
etc. 

untoward effects, 139 
Sulfathiazole : See Pneumonia 
Sulfonamide Compounds: See Anthrax; Sulf- 
anilamide and Sulfanilamide Derivatives 
Swank, R. L. : Production and study of cardiac 
failure In thiamine-deficient pigeons, 763 
Swanson, P. : Transfusion of conditioned uni- 
versal blood; clinical observations, 1 
Syphilis: See also under names of organs and 
regions, as Aorta ; Bones ; Cardiovascular 
System ; Eyes ; Spinal Cord ; etc. ; and 
under names of diseases, as Myocarditis ; 
etc. 

accidental inoculation, 839 
acquired, in children, 854 
administration of clinics for pregnant women 
witii syphilis, 909 
among selectees, 857 
and gastrointestinal disorders, 886 
and gynecologic disorders, 887 
and industry, 862 
and ophthalmic conditions, 888 
and orthopedic conditions, 888 
and other diseases, 913 
and pregnancy, 907 
and war, 855 

arsenical sensitivity and ascorbic acid, 872 
biologic false positive serologic reactions for, 
848 

combined fever therapy and chemotherapy, 
900 

combined therapy with fever and arsenlcals, 
880 

congenital, 909 

congenital, dental abnormalities associated 
with, 911 

congenital. In third generation, 913 
congenital, syphilitic aortitis in, 911 
contact Investigation, 855 
drug sensitivity and meteorologlc environ- 
ment, 873 
drugs for, 863 
early, 854, 875 
early, fever therapy of, 877 
effect of estrogens, 840 
effect of orchldectomy on Immunity, 840 
effect of treatment on results of quantitative 
serologic tests, 848 
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Syphilis — Continued 
epidemiology of, 854 
experimental, 839 
gastric lesions, 87G 

Hereditary; See Syphilis, congenital 
history of, 83G 

Immunity to syphilitic Infection, 839 
In armed forces, 839 
in Negroes, 854 
infectious, relapse, 873 
infectiousness of rabbit semen, 842 
intensive arsenotherapy, 880 
legal aspects of syphilis and pregnancy, 
908 

mortality data, 869 
pinta and bejel, 843 
prevalence, 852 

review of recent literature, 836 
serodtagnosls of, 844 
storage of serums, 848 

tests purported to "verify” results of stand- 
ard serodlagnostlc tests, 851 
treatment, 869 

untoward effects of treatment, 809 
uveitis due to, 876 

wartime problems of civilian public healtli 
agencies. 855 

Tabes Dorsalis: See also Neurosyphllis 
neurogenic bladder, 903 
orthostatic circulatory insufilciency in, 905 
vitamin therapy of, 902 

Taylor, J. S. ; Acute disseminated lupus ery- 
thematosus without cutaneous manifesta- 
tions and with heretofore undescrlbed 
pulmonary lesions, 88 

Teeth, dental abnormalities associated with con- 
genital syphilis, 911 
Temperature: See also Cold 
temperature studies, 447 
Testes, effect of orchidectomy on immunity to 
syphilis, 840 
Tetanus, 148 

Thiamine, production and study of cardiac 
failure in thlamine-deflclent pigeons, 763 
Thomas, J. E. : Effect of ulcer on acidity and 
neutralizing ability in duodenal bulb, 959 
Thorax : See also Heart ; Lungs ; Jledlastinum ; 
etc. 

acute coronary thrombosis in Industry ; direct 
nonpenetrating injuries with report of 
cases, 33 ; correction, 686 
Thromboangiitis obliterans, 472 
Thrombosis : See also Embolism 
acute coronary thrombosis in industry : direct 
honpenetratlng injuries with report of cases, 
33 ; correction, 686 , 

and embolism, 470 
arterial occlusions, 497 

precipitating factors in coronary occlusion, 
336 

thrombi in heart, 341 
venous, 495 

Thyroid : See also Goiter 
and obesity, 1058 

hyperthyroidism ; roentgen ray treatment, 
1002 

maintenance of nitrogen equilibrium by intra- 
venous administration of amino acids; clini- 
studies T49 * 

Tollman, J. P.': Refractory hemolytic anemia; 
report of 5 cases in which treatment was 
with splenectomy, 11 

Trauma, acute coronary thrombosis in industry ; 
direct nonpenetrating injuries with report of 
cases, 33; correction, 686 
Tremor, therapy of involuntary movements, 1027 
Tuberculosis: See also under Heart 

experimental, arsphenamine in treatment, 841 
Tularemia, 149 

Tumors; See also under Gastrointestinal Tract; 
etc. 

maintenance of nitrogen equilibrium bj’ in- 
travenous administration of amino acids; 
clinical studies, 749 
vascular, 473 


Typhoid, 147 

and bacillary dysentery, chemotherapy of, 136 
Typhus, 166 

Ulcers, Peptic: See Peptic Ulcer 
Unconsciousness, interrelation of factors in- 
fluencing mortality In diabetic coma; sta- 
tistical study, 369 
Uric Acid in Gout: See Gout 
Urine: See also Diuresis and Diuretics; etc. 
suppression; mechanism of pentothal sodium 
antidiuresis, 567 

Urobilinogen, use of daily fecal output of uro- 
bilinogen and hemolytic index in measure- 
ment of hemolysis, 722 
Uvea; uveitis due to syphilis, 876 

Vaccine Therapy : See Influenza 
Valley Fever : See Coccldioidosis 
Van Dellen, T. R. : Vascular diseases; eighth 
annual review, 444 

Vasomotor System: See also Arteries; Blood 
vessels; etc. 

hyperactive vasodepressor carotid sinus reflex, 
983 

vasomotor apparatus in peripheral vascular 
disease, 501 

vasospastic disorders, 458 
Venereal Diseases : See also Neurosyphilis ; 
Syphilis 

control oflacers in armed services, 861 
rehabilitation of men rejected because of, 858 
Venous Pressure : See Blood pressure 
Viruses, etiology of atypical (“virus") pneu- 
monias with brief r6sume of recent dis- 
coveries, 513 

virus diseases, chemotherapy of, 138 
"virus” pneumonia, 156 
Vitamins : See also Ascorbic Acid ; Thiamine 
Br: See Thiamine , 

C; See Ascorbic Acid 

degeneration of spinal cord produced experi- 
mentally by dietary means, 902 . 

therapy of tabes dorsalis, 902 

Walker, B. S. : Polycythaeraia vera : report 
of case, 919 

War: See also Medicine, Military; Medicine, 
Naval; Wounds; etc. 
and syphilis, 855 

heart In wartime with reference to ncuro- 
clrculatory asthenia, 303 
wartime problems of civilian public health 
agencies, 855 

Wassermann Reaction, antigen, 844 
Water balance, 1050 
Weight, hazard of overweight, 1033 
normal, 1033 

AVell's Disease : See Spirochetosis 
Weiss, S, : Gummatous aortitis, 396 
AVhite, H. L. : Clearance of diodrast, plienol- 
sulfonphthalein and inulln in hypertension 
and in nephritis, 935 , . 

White, P. D. : Diseases of heart; review of siB" 
nificant contributions made during 1941, 
303 

Winer, N. J. : Renal function in diabetes in- 
sipidus, 61 , , 

WItebsky, E. : Transfusion of conditioned uni- 
versal blood; clinical observations, 1 
Wolf, S. : Intermittent fever of unknown ori- 
gin ; recurrent high fever with benign out- 
come in patient with migraine and notes 
on "neurogenic” fever, 293 
AVolff, H. G. : Intermittent fever of unknown 
origin; recurrent high fever with, benign 
outcome In patient with migraine and notes 
on “neurogenic” fever, 293 
AVounds, syphilis and gynecologic disorders, 887 

Xanthine, mercurial and xanthine diuretics in 
chronic congestive heart failure; compara- 
tive survey, 975 

Afeast; fungous and yeast infections, 170 
Yellow Fever, 103 




